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To  the  READER. 


HE  Bookfellers  having  been  in-^ 
formed,  fince  the  Publication  of 
this  Abridgment,  that  the  late  Mr.  Cham^ 
bers^  Author  of  the  Cyclopcedia^  or  JJniv  'er^ 
fal  DiBionary  of  Arts  and  Sciences^  had 
made  fome  Progrefs  in  the  fame  Defign, 
were  defirous  to  make  ufe  of  the  Papers 
left  by  an  Author  fo  well  efteemed  by  the 
Publick.  In  the  Courfe  therefore  of  this 
Work,  fuch  Papers  of  Mr.  Chambers  will 
be  inferted,  as  come  within  the  prefent 
Defign.  But  as  lam  unwilling  to  affume 
to  myfelf  the  Labours  or  Merit  of  another. 
Care  will  be  taken  to  diftinguifli  each  Pa¬ 
per,  which  was  written  IsJlx,  Chambers : 
which  I  believe  will  be  acceptable  tothe 
Reader  ;  as  he  will  be  able  by  this  means 
to  know,  which  Parts  were  compofed  by 
that  ingenious  Author,  and  which  by  ' 
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T  HE 

PREFACE. 

TH  E  knowledge  of  nature 
affords  fo  great  a  delight  to 
the  mind  of  man,  and  is  of  fo 
much  importance  to  the  well  being 
of  fociety  ;  that  there  is  hardly  any 
confiderable  Rate  in  Europe^  where 
it  has  not  been  thought  neceffary  to 
alfemble  a  body  of  learned  men, 
whole  chief  employment  it  fhould  be 
to  improve  natural  hijiory  and  phi- 
lofophy.  The  Royal  Society  of 
London  Was  founded  for  this  pur- 
pofe,  about  fourfcore  years  ago,  by 
King  Charles  the  Second  :  and  what 
improvements  have  been  made  by 
that  learned  body,  not  only  with 
relation  to  fpeculative  knowledge, 
but  even  to  the  common  ufes  of  lifcj 
may  be  feen  in  thofe  excellent  pa¬ 
pers,  publifhed  from  time  to  time 
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under  the  title  of  Philofophical 
"TranfaEiions.  Soon  after  the  foun¬ 
dation  of  the  Royal  Society.,  the  late 
King  of  France,  who  was  unwilling; 
to  omit  any  thing  which  might  con¬ 
tribute  to  his  glory,  affembled  a 
conliderable  number  of  the  moft 
able  men  in  his  kingdom,  to  whom 
he  gave  the  title  of  the  Royal  Aca¬ 
demy  OF  Sciences  ;  and  engaged 
them  in  the  purfuit  of  natural  and 
mathematical  knowledge.  But  this 
learned  affembly  was  not  eftablifh- 
ed,  as  a  regular  fociety,  till  that 
monarch,  in  the  beginning  of  the 
year  1699,  thought  fit  to  give  them 
a  new  eftablifhment,  and  to  regu¬ 
late  their  condudf  by  a  body  of  laws 
framed  for  that  purpofe. 

From  the  time  of  this  new  efta¬ 
blifhment  of  the  Royal  Academy  of 
-a  volume  of  their  difco^ 
veries  ^Ti^obferv0iont  has  been  pub- 
lilhed  every  year,  under  the  title  of 
A  mjlory  of  the  Royal  Academy  of 

Sciences, 


PREFACE,  V 

Sciences^  by  their  perpetual  fecre- 
tary,  the  celebrated  M.  Fontenelle, 

This  Hijiory  confifts  of  two  parts: 
the  firft  is  what  is  particularly  called 
the  Hijiory.  In  this  part,  M.  Fonte¬ 
nelle  gives  a  fhort  account  of  every 
remarkable  tranfa<9;ion ,  either  in 
writing  or  by  word  of  mouth,  that 
has  paffed  in  the  academy.  The 
other  part  contains  the  Memoirs^  or 
pieces  that  have  been  read  in  the 
academy,  fuch  as  have  been  judged 
to  be  of  the  greateft  importance,  and 
the  moft  worthy  of  being  communi¬ 
cated  to  the  publick  at  full  length. 

The  papers  contained  in  this  cu¬ 
rious  Hijiory  are  ranged  under  feve- 
ral  heads :  the  firft  of  which  com¬ 
prehends  thofe  which  relate  to  natu¬ 
ral  philofophy  in  general.  Under 
this  head  the  reader  will  find  many 
remarkable  accounts  of  the  nature 
and  properties  of  the  air,  obferva- 
tions  on  the  thermometer,  barojneter, 
&c.  dilcourfes  on  the  caufes  and  ef- 
feils  of  winds,  on  the  flux  and  reflux 
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of  the  fea^  relations  of  the  effefts  of 
thunder,  lightning,  ^c.  confidera- 
tions  on  the  aurora  borealis.,  arid 
other  remarkable  appearances  in  the 
heavens ;  curious  difeoveries  of  the 
various  and  furprihng  properties  of 
the  loadftone  ;  inquiries  into  the  na¬ 
ture  of  the  magnet i cal  needle  ;  and 
many  other  entertaining  as  well  as 
inftru<9:ing  particulars,  which  we  fhall 
not  here  detain  him  with  enurrierating. 

To  thefe  papers  on  natural  philo- 
fophy  in  general, have  added  many 
others,  which  we  thought  would  be 
efteemed  to  be  moft  ufeful  and  en¬ 
tertaining  to  the  generality  of  readers. 
Thefe  contain  the  natural  hiftory 
and  anatomy  of  animals,  many  ufe¬ 
ful  difeoveries  relating  to  geography 
and  navigation,  a  great  variety  of 
optical,  dioptrical,  and  mechanical 
difeoveries  and  obfervations,  with 
many  other  mathematical  papers, 
which  relate  to  common  ufes  of  life, 
palling  over  thofe,  which  are  merely 
Ipeculative,  or  of  lefs  general  ufe. 

The 
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The  Abridgment  of  the  Philofophi^ 
Cttl  ’TranfaEiions  has  been  fb  well  re¬ 
ceived  by  the  publiek,  that  we  flat¬ 
ter  ourfelves  the  prefent  work,  which 
is  fo  nearly  allied  to  it,  will  meet 
with  a  no  lefs  favourable  reception. 
It  is  an  Abridgment  of  all  the  Me¬ 
moirs  of  the  Royal  Academy  of 
Sciences.,  which  relate  to  natural 
philofophy  in  general,  to  the  natural 
hiftory  of  animals,  and  to  the  pradli^ 
cal  parts  of  the  mathematicks ;  to 
which  we  have  prefixed  llich  accounts 
in  M*  Fontenelle  %  Hijlory,  as  are 
not  to  be  found  in  the  Memoirs 
themlelves. 

As  for  thofe  accounts  in  the  Hi¬ 
jlory,  which  are  found  more  at  large 
in  the  Memoirs,  we  have  thought 
proper  wholly  to  omit  them  ;  be- 
caule  they  are  generally  no  more 
than  a  hiftorical  account  of  what  is 
contained  in  xltss.  Memoirs  themlelves. 
And  as  we  have  contracted  each  of 
thole  Memoirs,  into  as  narrow  a 
Compafs  as  we  could,  without  injur- 

ing 
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ing  their  fenfe,  we  thought -tf  would 
be  unneceffary  to  add  the  hiftorical 
account  of  them  too,  which  would 
fwell  the  bulk  of  thefe  volumes  too 
much ;  it  being  our  dehgn  to  lay 
before  the  reader  the  philofophical 
difcoveries  and  obfervations  of  the 
Royal  Academy  of  Sciences  with  re¬ 
lation  to  the  particulars  above-men¬ 
tioned,  in  as  concife  a  manner  as  we 
could,  without  diminifhing  any  part 
which  really  conduces  to  that  end. 

If  the  prefent  undertaking  meets 
with  the  fuccefs  which  we  hope  for,  it 
will  be  an  encouragement  to  us  to 
proeeed  in  abridging  the  other  papers, 
which,  tho’  they  are  of  lefs  general 
ule  than  thele  now  publilhed,  will, 
however,  be  of  the  greatcft  fervice  to 
fuch  as  are  engaged  in  thofe  parti¬ 
cular  ftudies. 
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O  F  T  H  E 

Philofophical  Difcoveries 

AND 

O  B  S  E  RVATIONS 

1  N  T  H  E 

History  of  the  Royal  Academy  of 
Sciences  at  Paris  for  the  Year  1699, 

I.  Compartfons  of  the  obfervations  made  m 
different  place  s^on  the  barometer^  the  winds  ^ 
and  quantity  of  rain, 

MMA  RALB I  having  feen  the  ob¬ 
fervations  made  by  Dr.  Berham  on 
•  the  barometer  and  on  the  winds  at 
Upminjier^  in  England^  during  the 
years  1697  and  1698,  compared  them  with 
thofe  which  were  made  at  the  obfervatory  during 
the  fame  years ;  and  this  is  the  refult  of  the  corn- 
par  ifon. 

Tho’  the  winds  which  reign  at  Paris^  and  at 
Upminfter^  are  commonly  different,  yet  there  are  ' 
many  days  in  the  different  feafons  of  the  year,  in 
which  the  winds  have  been  the  fame  in  both  thefe 
places.  When  the  wind  has  been  the  fame  in 

B  2  both 
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both,  it  has  ufually  been  violent,  and  of  fome 
continuance  *,  tho’  even  thefe  have  fometimes 
varied. 

There  is  found  alfo  fome  conformity  in  the 
conftitution  of  the  air,  and  it  hath  often  happened 
to  rain,  or  fnow,  or  to  be  fair  weather  in  both 
thefe  places  on  the  fame  days. 

There  is  a  great  agreement  between  the  varia¬ 
tion  of  the  height  of  the  barometer  obferved  at 
Paris  and  at  Upminjler.  We  generally  find  it  to 
rife  or  fall  at  Paris^  when  it  rifes  or  falls  at  Up- 
minfter ;  tho’  thefe  variations  are  not  always 
equal.  In  each  month  the  days  on  which  the 
quickfilver  has  been  higheft  or  lowefl:,  have  been 
the  fame  both  at  Paris  and  Upminfter  *,  but  com¬ 
monly  when  it  has  been  loweft,  it  has  been  3  or 
4  lines  lower  at  Paris  than  at  Upminfter^  the 
Englijh  meafure  being  reduced  to  that  of  Paris, 

It  appears  by  the  obfervations : 

1.  That  the  quickfilver  rifes  fometimes,  when 
the  wind  is  N.  N.  E.  or  N.  W.  and  that  it  falls 
with  a  S.  S.  E.  and  S.  W.  wind.  It  has  how¬ 
ever  rifen  and  fallen  at  the  fame  time  in  both 
thefe  places,  tho’  the  winds  have  often  been  dif¬ 
ferent,  and  fometimes  even  oppofite. 

2.  In  thefe  two  laft  years,  when  the  quick¬ 
filver  was  at  the  loweft  in  both  places,  there  fell 
Ibme  fnow  *,  it  fometimes  alfo  fnowed,  tho’  the 
quickfilver  did  not  fdl  more  than  ufual. 

3.  When  the  quickfilver  rofe,  it  was  often  fair 
weather,  and  it  fell  when  it  was  rainy  weather  i 
it  was  often  fiir  weather  allb  when  the  quickfilver 
was  low,  and  cloudy  when  it  was  high. 

4.  When  the  quickfilver  fell  at  the  fame  time 
in  both  places,  and  it  rained  in  one  and  was 
fair  in  the  other,  the  quickfilver  often  fell  in  pro¬ 
portion  where  it  rained.  In  like  manner  when 

i  it 
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it  rofe  in  both  places,  it  rofe  higher  in  proportion 
where  it  was  fair. 

Laftly,  it  appears,  that  the  quickfilver  rofe 
in  one  when  it  fell  in  the  other,  and  that  it  fell  in 
like  manner,  whether  the  wind  and  weather  were 
the  fame  in  both  places,  or  different. 

M.  having  fent  the  academy  a  memoir 

on  the  quantity  of  rain  that  fell  in  the  citadel  of 
LMle  for  10  years,  from  1685  to  1694,  M.  dela 
Hire  has  compared  the  6  laft  years  of  the  obfer- 
vation  at  Lille  with  the  fame  years,  which  he  has 
obferved  very  exaclly  at  Paris, 

Years.  At  Lille,  At  Paris, 

Inches.  Lines.  Inches.  Lines. 


1689 

18 

9 

18 

III 

1690 

24 

8i 

23 

3  + 

1691 

15 

2 

14 

5+ 

1 692 

25 

22 

7t 

1693 

30 

3^ 

22 

8 

1694 

19 

3 

19 

9 

6  Years 

133 

121 

9 

By  the  comparifon  of  thefe  6  years  w^e  fee  in 
general,  that  it  rains  rather  more  at  Lille  than  at 
Paris  ;  and  that  the  mean  year  at  Lille  v/ill  be 
22  inches,  3  lines,  and  at  Paris  20  inches,  3 
lines 

But  M.  de  la  Hire  has  found  in  1695,  19  in¬ 
ches,  7  lines  ;  in  1696,  19  inches,  5  lines  \  *, 
in  1697,  20  inches,  3  lines;  in  1698,  21  in¬ 
ches,  9  lines  ;  and  taking  a  mean  year  for  thefe 
10,  we  find  20  inches,  3  lines  ^  for  each  of  the 
6  firfi:-,  whereas  at  Lille  the  6  laft.  give  for  a 

mean 
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mean  22  inches,  5  lines,  and  the  10  together 
give  23  inches,  3  lines. 

I 

II.  Obfervations  on  the  jingularities  of  the 
natural  hifory  ^France. 

The  academy  having  a  defign  to  examine  the 
wonders  of  France^  has  begun  with  Bauphinyy 
and  with  a  very  famous  burning  fountain  in  that 
province,  four  hours  diftant  from  Grenoble, 

•  Saint  Auguflin  ^  has  mention’d  it,  and  feems  to 
treat  it  as  a  fupernatural  miracle.  But  as  it  is  good 
to  be  well  allured  of  our  fadls,  and  not  to  feek  for 
the  reafon  of  what  does  not  exift  *,  M.  de  la  Hire 
wrote  to  M.  Bieulamanty  the  king’s  engineer  in 
the  department  of  Grenoble y  from  whom  he  re¬ 
ceived  an  information,  as  well  circumftanced  as 
could  be  wilhed.  M.  Dieulamant  went  upon  th® 
fpot,  and  examined  it  with  a  philofophical  eye. 

It  is  no  fountain  ;  but  a  fmall  fpot  of  ground, 
6  feet  long,  and  3  or  four  broad,  where  may  be 
feen  a  light,  wandering  flame,  like  that  of  brandy, 
fixt  to  a  dead  rock,  of  a  fort  of  rotten  Hate, 
which  crumbles  in  the  air.  This  fpot  is  upon  a 
pretty  fteep  declivity ;  about  12  feet  below  it, 
and  as  much  on  one  fide,  there  falls  from  the  neigh¬ 
bouring  mountains  a  little  rivulet  or  torrent, 
which  perhaps  may  formerly  have  flowed  more 
high,  and  near  the  burning  earth,  which  might 
have  given  room  to  think  that  the  water  burned. 

The  flame  is  not  obferved  to  come  out  of  any 
hole  or  cleft  in  the  rock,  by  which  it  might  be 
fufpedled  to  have  a  communication  with  fome 
lower  cavern  that  might  be  inflamed.  There  is 
no  matter  found  which  may  ferve  as  nourifhment 
to  the  flame,  and  it  is  only  perceived  to  have  a 

ftrong 


*  De  civitate  Dei,  lib.  xi,  cap  7, 
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ftrong  fmell  of  fulphur ;  and  it  leaves  no  aflies. 
There  is  a  very  hot,  white  fort  of  fait  petre  about 
the  place  where  the  fire  appears, 

M.  Dieulamant  has  been  aflured,  that  this  fire 
burns  moft  in  winter,  and  in  moift  weather,  that 
it  diminilhes  gradually  in  great  heats,  and  often 
goes  out  near  the  end  of  fummer,  after  which  it 
rekindles  of  itfelf.  It  is  very  eafy  alfo  to  make  it 
kindle  by  another  fire,  which  it  does  readily  with 
a  noife. 

M.  'Dieulamant  obferved  in  the  laft  place,  that 
about  the  fire  the  earth  cleaves,  gives  way,  and 
finks  down.  He  does  not  afcribe  this  however 
to  the  fire,  but  to  the  waters  which  flow  among 
the  dead  rocks,  and  hollow  the  earth,  or  carry  it 
away.  This  eifecft  is  fo  confiderable  in  Dauphiny^ 
and  efpecially  in  the  country  called  le  Chanfeaux^ 
that  fometimes  two  villages  fituated  upon  two 
different  mountains,  which  could  not  be  feen  from 
each  other,  becaufe  other  higher  mountains  were 
between  them,  have  begun  at  once  to  be  feen, 
from  the  finking  of  the  interpofed  mountains. 

III.  Of  mfeBs. 

Infedts  appear  contetuptible  to  the  vulgar,  who 
neither  know  how  to  place  their  admiration  nor 
their  contempt.  They  are  moft  commonly  treated 
as  imperfed:  animals,  but  philofophy  judges  them 
fo  much  more  worthy  of  her  attention,  as  they 
feem  to  have  been  formed  by  nature  on  a  quite 
particular  idea. 

None  but  they,  for  example,  change  their 
fpecies,  and  after  having  crept  on  the  ground  rife 
up  into  the  air,  and  take  a  new  and  more  noble 
life.  What  M.  Homherg  ^  has  obferved  of  the 

odd, 

*  See  the  memoirs  f:)r  this  year.  Art,  vii. 
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odd  copulation  of  adder-bolts  will  fhew  how  fruit¬ 
ful  and  unexhauftible  nature  is  in  mechanical  in¬ 
ventions,  to  obtain  her  ends. 

To  be  of  both  fexes  at  once,  and  to  perform 
the  fuiK^ions  of  both  at  the  fame  time,  is  another 
drcLimilance  peculiar  to  infedls.  M.  Poupart  has 
enumerated  all  the  fpecies  in  which  he  is  fure  of 
this  particularity.  They  are.  the  earth  worms, 
the  round  worms  in  the  human  inteftines,  thofe 
in  the  inteftines  of  horfes,  the  flugs  or  fnails  with¬ 
out  ftiells  both  of  the  land  and  the  frefh  waters,  all 
the  fpecies  of  fnails  with  fhells,  all  the  fpecies  of 
leeches.  And  as  all  thefe  infedls  are  reptile  and 
without  bones,  M.  Poupart  concludes,  that  pro¬ 
bably  the  reft,  which  have  thefe  two  chara6lers„ 
are  alfo  hermaphrodites  5  for  nature,  which  varies 
fo  much  from  one  kind  of  animals  to  another,  *ob- 
ferves  uniformity  enough  between  the  fpecies  of 
the  fame  kind,  as  to  their  principal  charaders. 

Not  but  that  there  are  reptiles  without  bones, 
which  are  not  hermaphrodites,  as  the  worms 
which  change  to  flies,  filk-worms,  and  other  ani¬ 
mals.  But  far  from  being  hermaphrodites  they 
are  of  no  fex  at  all  ;  and,  to  fpeak  properly, 
are  not  animals,  being  nothing  but  cafes  or  masks 
that  wrap  up  and  hide  real  animals,  which  after¬ 
wards  come  out  with  wings.  And  tho’  thefe 
worms  may  feem  to  be  fenfible,  yet  perhaps 
their  fenfibility  belongs  only  to  the  concealed 
animal,  and  not  to  that  which  appears.  But, 
however,  the  worm  which  is  to  change  to  a  fly  or 
to  a  butterfly,  is  neither  male  nor  female,  and 
does  not  engender  fo  long  as  it  is  a  Vvorm  ;  but 
ftays  till  it  is  metamorphofed. 

To  give  an  example  of  the  obfervations  that 
may  be  made  on  the  hermaphrodite  animals,  fee 
how  M.  Poupart  has  naade  his  on  the  copulation 

of 
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of  earth-worms.  Thefe  little  ferpents  Aide  .by 
pairs  into  a  hole  that  fuits  them,  there  they  ad- 
juft  themfelves  in  fuch  a  manner,  that  the  head  of 
one  is  turned  towards  the  tail  of  another  *,  they 
apply  themfelves  to  each  other  in  a  right  line, 
and  a  little  button  of  one  in  form  of  a  little  cone 
is  inferred  into  a  little  aperture  of  the  other  reci¬ 
procally.  The  mutual  infertion  of  thefe  litcje  but- 
■tons  is  eafily  feen,  by  taking  thetwo  worms  gently, 
drawing  them  gradually  in  the  fpace  between  the 
buttons,  and  furveying  them  in  a  full  light.  They 
are  found  in  copulation  in  the  fpring*,  and  you 
ftnuft  look  for  them  in  fat  and  moift  paftures,  if 
you  defire  the  biggeft. 

As  thefe  animals  are  male  at  one  extremity  of 
the  body,  and  female  at  the  other,  and  as  'they 
can  eafily  bend,  M.  Homherg  .does  not  think  it 
impolfible,  but  that  an  earth-worm  may  couple 
with  itfelf,  and  be  both  father  and  mother  of  the 
fame  animal.  This  would  be  a  ftrange  fort  of 
generation  •,  but  what  is  ftrange  may  perhaps  -be 
fo  only  through  our  ignorance  ;  and  do  we  know 
the  bounds  of  the  diverfity  with  which  nature 
has  thought  fit  to  adorn  her  works  ? 

IV.  On  the  feathers  of  birds, 

M.  Poupart  has  obferved,  that  feathers  are 
nourifhed  by  blood  and  by  lymph.  We  pay  be 
fure  of  this  by  diffetfting  with  a  little  fkiil  a  great 
feather  of  a  young  bird  before  it  has  loft  its  dowm  ; 
but  it  is  ftill  moreeafy  to  prefs  this  feather  length- 
wife,  and  fee  the  lymph  and  the  blood  come  out 
of  it.  It  muft  be  a  young  bird,  as  it  muft  always 
be  a  young  animal,  when  one  would  obferve  how 
the  nouriihment  of  the  bones  is  formed.  .Ft^athers 
and  bones  are  parts  whofe  velfels  difappear,  and 

VoL.I.  N°.  I.  C  whofe 
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‘  whofe  mechanifm  grows  lefs  vifible  as  they  become 
more  perfedl.  Ac  the  end  of  the  quill  there  is  a 
'  little  hole,  by  which  the  blood-veffels  enter,  juft 
as  they  enter  into  a  tooth  by  a  little  hole  that  is 
at  the  extremity  of  the  root.  The  pith,  which  is 
taken  from  the  infide  of  a  quill  when  we  cut  it  to 
make  a  pen,  in  young  birds  is  a  great  flelhy  ca¬ 
nal,  juft  like  a  vein  filled  with  lymph,  about 
which  the  blood  veflels,  which  entred  at  the  end 
of  the  quill,  fpread  themfelves  and  divide  into  a 
thoufand  little  branches. 

But  if  wc  would  know  what  this  great  fleftiy 
canal  is,  we  muft  not  examine  it  in  young  birds, 
but  in  fuch  as  are  full  grown  ;  the  point  of  view 
in  which  it  is  to  be  placed  being  no  longer  the 
fame. 

An  explanation  of  the  figures. 

Plate  I.  Fig.  I.  The  great  feather  of  the  wing 
of  a  large  young  bird,  which  has  not  loft  its 
down,  being  almoft  wholly  inclofed  in  the  long 
cartilaginous  tube  a  which  preferves  the  vanes 
of  the  feather,  which  at  prefent  are  only  a  fort 
of  pap. 

Fig.  2.  Reprefents  the  fame  feather,  with  the 
quill  opened  lengthwife,  to  fiiew  in  its  cavity  a 
large  and  long  cavernous  fleftiy  body,  c  upon 
which  are  fpread  an  infinite  number  of  fmall  blood- 
vellels,  which  enter  by  the  lower  hole  d.,  to  pour 
their  lymph  into  the  caverns  of  this  body,  to  be 
carried  into  all  the  parts  of  the  feather  to  nourifh 
them. 

Fig.  3.  The  pith  taken  out  of  the  quill  of  a 
large  young  bird,  to  ftiew  them  more  eafily  and 
diftincftly. 

Fig.  4.  Cavernous  bodies  compofed  of  funnels  . 
towards  the  upper  part,  and  cups  in  the  reft, 

1  which 
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which  are  feen  in  the  great  quills  of  young  birds, 
when  they  begin  to  dry  and  become  tranfparent. 

Fig.  5.  Three  funnels  boxed  into  one  another, 
which  are  taken  out  of  the  canal  a  of  Fig.  4,  to 
fhew  how  the  canals  of  thefe  funnels  enf&r  after¬ 
wards  into  their  pavilions,  to  carry  the  lymph 
into  the  veins  and  pith  of  the  feather  Fig.  2.  to 
which  the  canal  e  is  faftened  at  the  place  c. 

Fig.  6.  Little  bags  or  cups  of  which  the  bpdy 
reprefented  in  Fig.  4.  is  chiefly  compofed. 

We  fee  then  in  grown  birds,  that  this  canal 
is  compofed  of  feveral  little  tranfparent  cups,  pla¬ 
ced  one  above  another,  and  difpofed  in  fuch  a 
manner,  that  the  bottom  of  the  lower  one  is  ar¬ 
ticulated,  or  faftened  into  the  opening  of  the  up¬ 
per  one,  and  fo  upwards  on  to  the  top  of  the 
quill.  But  when  wc  come  near  to  the  vanes  of 
the  feather,  thefe  little  cups  become  like  funnels, 
at  leaft  in  fome  fpecies  of  birds,  as  in  turkeys. 
The  tube  of  the  lower  funnel  enters  into  the  pa¬ 
vilion  of  the  upper  one,  and  faftens  itfelf  to  the 
bottom  of  it,  and  the  tube  of  the  laft  funnel  enters 
into  the  pith  of  the  feather. 

The  blood-veflels  pour  their  lymph  into  thefe 
little  cups,  and  thence  it  is  filtred  to  the  top  of 
the  quill,  whence  it  enters  into  the  pith  of  the 
feather,  which  being  only  a  fpongy  fubftance  ea- 
fily  imbibes  it,  and  diftributes  it  on  both  fides 
into  the  vanes. 

In  turkeys  this  pith  is  nothing  but  an  aflemblage 
of  an  infinite  number  of  pretty  fenfible  canals ; 
for  the  parts  of  the  organs  of  an  animal  are 
,  themfelves  organifed,  and  the  complication  of  the 
mechanifm  is  infinite ;  and  there  is  hardly  any 
room  to  aueftion,  but  that  the  other  birds  whofe 
canals  of  the  pith  of  the  feather  are  not  vifible, 
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are  found  there  only  in  fmall,  and  perform  the 
fame  fun6tions, 

M.  Poupart  has  obferved  that  one  Angle  fea¬ 
ther  of  a  young  vultur,  with  the  down  ftill  on, 
weighed  more  than  fix  other  feathers  of  the  fame 
bignefs  that  were  in  their  perfeiftion^  it  was  ib 
loaded  with  nutritious  juices ;  and  thence  he  con¬ 
cludes,  that  as  feathers  are  infiruments  abfolutely 
neceffary  for  birds  to  feek  their  fubfiftance,  nature 
makes  hafte  to  bring  them  to  perfedion,  and  la-» 
hours  about  them  with  more  diligence  than  file 
does  in  mofl:  of  her  other  works. 

One  might  be  contented  with  feeing  that  the 
cavity  of  the  quill  had  been  wrought  by  nature, 
to  reconcile  at  once  firength,  fupplenefs  and 
lightnefs ;  but  we  fee  befides  that  this  void  ferves 
for  a  magazine  to  the  nourifliment  which  is  to  be. 
diftributed  thro’  the  whole  feather,  and  that  the 
fame  mean  anfwers  to  fevefal  views  at  once. 

It  is  another  curiofity,  to  obferve  the  care  that 
nature  takes  to  preferve  the  fprouting  feathers  of 
young  birds.  The  vanes  of  thefe  feathers  are  at 
firft  fo  tender  and  delicate,  that  they  feem  to  be 
meer  pap.  They  are  alfo  rolled  up  in  a  long 
cartilaginous  tube,  full  of  moifture,  that  they  may 
nor  be  expofed  to  the  air,  which  would  fo  dry 
them  and  fliut  up  their  pores,  that  they  could  not 
receive  any  nourifiiment.  But  when  they  are 
ftrong  enough  to  be  no  longer  afraid  of  the  a6tion 
of  the  air,  the  cafe,  in  which  they  were  rolled  up, 
btcoming  no  longer  neceffary,  dries  up  and  falls 
off  of  itfelf  in  fcalcs. 

V.  Of  the  tigers  in  China, 

1 

F.  Gouye  has  communicated  an  anatomical  de- 
fcription  of  a  flriped  tiger,  made  at  China  by 

the 
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the  Jefnits.  We  hardly  know  in  Europe  any 
tigers,  but  fuch  as  have  their  fkin  narked  with 
fpots ;  but  in  T^artary  and  China  they  have  a  fort 
which  is  marked  with  black  flripes  j  and  in  thofc 
countries  it  is  pretended  that  they  are  two  diffe¬ 
rent  fpecies,  tho*  they  do  not  feem  to  have  any 
other  difference.  The  ftriped  tiger,  which  the 
Jefuits  of  China  diffe(5led,  had  been  killed  in 
hunting  by  the  emperor,  together  with  four 
others;  It  weighed  but  265  pounds,  fo  that  it  was 
none  of  the  biggeft  *,  one  of  the  others  weigh’d 
400  pounds.  That  which  was  diffected,  had  \  of 
its  ftomach  full  of  worms,  and  it  could  not  be 
faid  to  be  corrupted :  One  of  the  company  laid 
he  had  found  the  fame  thing  in  another  tiger, 
which  he  had  feen  opened  at  Macao, 

VI.  The  pofition  of  fome  towns,  in  China, 
T urkey,  and  Armenia. 

F.  Gouye  having  collected  the  obfervations 
made  by  the  Jefuits  in  thefe  countries,  has  calcu¬ 
lated  them  all,  and  drawn  from  them  the  pofi- 
tions  of  feveral  towns ;  He  has  chofen  the  leaft 
doubtful  operations,  has  had  regard  to  the  error 
which  may  be  fufpeded  in  the  inftruments,  he 
has  taken  the  mean  numbers  between  the  greateft 
differences,  which  refult  from  different  obferva¬ 
tions  made  for  the  fame  end. 

We  fhall  not  give  here  either  the  obfervations 
of  the  Jefuits^  or  the  calculations  of  F.  G$uye^ 
but  only  the  refults  of  them. 

The  longitudes  were  taken  from  the  immerfions 
or  emerfions  of  the  fatellites  of  Jupiter^  which 
F.  Gouye  has  reduced  to  the  meridian  of  Paris^ 
by  M.  Cajfnih  tables,  and  by  the  nearell  obfer¬ 
vations 
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vations  which  he  has  found  to  have  been  made  at 
the  obfervatory. 


Tihe  poftions  of  fome  towns  in  China. 

Pekim, 

^  t  ft 

Lat.  N.  at  the  houfe  of  the  Jefuits  39  54 
Longitude  -  -  13b  46  30 

It  muft  be  obferved,  that  we  here 
fuppofe,  and  always  fhall  here¬ 
after  fuppofe  the  longitude  of  Pa- 
ris  to  be 


Ning-pd  or  LlampOy  in  the  province  of  Chekiam, 


Lat.  N.  -  - 

Longitude 

The  cape  of  Ning-po  is  about  5 
leagues  more  to  the  E.  than  Ning- 
po^  which  gives  almoft  15' of  a 
degree  in  longitude. 

The  Cape-Vert  is  more  W.  than 
Paris  by  - 

Which  gives  the  difference  in  lon¬ 
gitude  between  Cape  Vert  and 
Ning'po 

However  F.  Coronelli  in  his  great 
globe'  makes  it  -  - 


29 

141 


30 

33 

37 


N 


Kiam-Cheu^  a  town  of  the  fir  ft  rank 

of  Xanfi, 

Lat.  N.  -  - 

Longitude  -  -  - 

Nan  Kim, 

Lat.  N.  -  - 

Longitude 


in  the  province 

o  /  // 

35  37 
131  39  15 

32  4 

139 


Xamhay^ 
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1 

Xamhay^  a  town  of  the  third  order  on  the  E.  coaft 
of  China,  and  upon  a  great  river  named  Ho- 
ampou,  leagues  from  the  fea^ 

t  H 

Lat.  N.  -  -3116 

The  obfervations  from  which  this 
latitude  was  taken,  are  not  abfo- 
lutely  certain.  There  may  be  2 
minutes  difference. 

Longitude  -  -  -  141  41  45 

Sing-ghan-fu^  capital  of  the  province  of  Xenjt, 

«  /  // 

Latitude  N.  -  -  34  16  45 

Longitude  -  -  .  -  129  6  45 


Nam-cham^fUy  capital  of  the  province  of  Kiamjf. 

O  / 

Latitude.  -  -  28  40 

Kam-cheu-fu  of  Kiamfi. 

Latitude  »  -  -  28  49  54 

Nan-ghan-fu  of  Kiamjl. 

Latitude  -  -  -25  27  31 

Xoacheu, 


'  Latitude 
It  is  doubtful. 

Latitude 

Longitude 


Canton, 

I 


24  44  10 


23  7  46 

133  13  15 


Tho’  the  latitude  is  different  from  all  thofe  that 
have  hitherto  been  alfigned  to  this  city,  yet  we 
may  depend  more  upon  this,  becaufe  it  is  drawn 
from  the  mofl  exadt  and  numerous  obfervations. 


Su-cheu-fuy  in  the  province  of  Namkim. 

o  /  n 

Latitude  -  r  -  31  17  50 

Longitude  -  ^  «  140  16  15 

The 
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The  obfervations,  from  which  F.  Gouye  has 
concluded  thefe  latitudes  and  longitudes,  which  will 
ierve  *to  rectify  the  map  of  China^  ate  received 
from  the  Fathers  de  ¥ontanay^  le  Cmte^  Bouvet^ 
Gerhillon^  and  Vifdelou, 

The  academy  received  alfo  in  a  letter  from 
F.  de  Fontenay^  dated  Nov,  8.  1697,  dxTchaoi^ 
cheou^  a  city  of  thefirft  order  in  the -province  of 
Canton,  He  gave  an  account  of  an  obfervation 
:he  had  made  of  mercurj  in  the  fun  at  ^chaotcheou^ 
Nov.  3,  1697,  Tho’  he  did  not  think  it  himfelf 
entirely  exadl,  F.  Gouye  calculated  it,  in  order  to 
vcompare  it  with  the  obfervation  at  Paris.  He 
ibund  by  this  comparifon,  that  the  total  emerfion 
of  mercury  from  the  dilk  of  the  fun,  which  was 

h  /  // 

feen  at  ^chaotcheou  zt  .3  48  44  afternoon,  was 

h  /  //  ^ 

feen  at  Paris  at  8  10  24  in  themorning,and  that 
confequently  the  difference  of  the  meridians  of 

.  .  h  /  // 

'Tchaotcheou  and  Paris.,  is  7  38  20,  which  be¬ 

ing  valued  in  degrees,  and  added  to  the  longi¬ 
tude  of  Paris ^  gives  the  longitude  of  T chaotcheou 

o  /  ti 

187  5  30 

F.  Fontenay  judges  alfo  by  efti-^ 

mation,  that  Tchaotcheou  is  rhoref  \  3  30 
eafterly  than  Canton  -  -  -  * 

Whence  the  longitude  of  Canton 

would  refult  -  -  -  35  3^ 

Ifhas  been ‘found  by  the  Satellites! 

tobe  -  -  -  /^33  13  15 

% 

Which  is  a  Sufficient  conformity*  for  fjch  great 
diftances,  and  in  fuch  nice  operations* 


j.-  ''  ' ■  ■'■  '-'V,'  v^' ''■ ' '' 

f,  .  ■-->  -.XiX'’  -v^*  ■■■  >:■  XX’ '^XA:  .'A:- ■  '  , 


mm-. . 


.  Y’.  M  - 


f’  Y  *  •  ‘  f  t  %  '  ■#  •' 

f  .  N..  'i  .  "iV*  - 


i 


■ , 


'i:^- 


% 

»  » 

>4’  .  •* 

'••-  /*« 

■  -»•  . 

rJ  ' 

■-' 

t  .  •'  . 

'  .  •  * 

•  •  ' 
.;,  .:*A 

1 


X-*‘  *  '  ""^v' ‘ t  w  ■”  ■'  ' ' 

,  ,  •  ,  ’  •'  ■■  •  ■•  -•  .  .v:  ^ 


f  :  r  '  .»■;  -  f  ^  ^ 

•4*  '  •'  V  1,  .  •! 

■'•  ■*  /►  . »  .  *  » 


'Xr 


:'’i.4"  '"'“1  VO  •..*■  V.  ^,, 

'  >  ,►  ■  ••'  .  f.  .  /  •  ‘  V  ,  ■'  *’  '  \  1  .  -ft*  * 

*'^.  v  '  •■  'A  '  ■  ’  ^  *  .»  '  '•  .  >  K  >  '  •'  j  I-  ■  ■  ’  ■  |-  ’ 

■'.T\  •.  '■  \  -•'.YV  '.f  ■'  ■  '^  ■  ;'•  •■ 


^^Jl. 

C- .•  T 


« 

-  > 


'^ '  J  -  ^  ’•. 

A-  r 

V  ,  ,  *..  V  /^* 

,f  ■  w 

•  \  ♦  •  * . 

.■  i*."  '■\^  * 

■•  ..f  'ir 

*  '  '•  vS- 

■  A  •  '  .’  *“ 

.  •  V  ... 

*Z'  *  ‘  •> 

i  t  _.  <. 

’  '’  ’■4?.  » '  ■ 

‘■.  JTy  ,  A  •  .  ^ 

*  <  *  •  /I.  X 

?V.-.f-:'  ' 

'■*  j- '  !■  V 

^  >  • 

■  .’"y. 

.  '  ■  ' 


^  :  ; 


\ 


•->  ^  •  i 

•i.- ,-  ■  rr. 


■'■'Vi- 


i\  :.y>  ‘ 


'  »  ''V^. 


fM^Xu  4i^XyXXX-^-^%fX:t  ''y  fev.i'};'  Vv;v' 


C’  '  - 


i 


.  "  rr.  XXj  ■  r  /■  V  .(  -V 


<•  A  •  •  ^ 


K  *  '  •■  ''  '^t  ‘  .'-f^  <■• 


v». 


.'^O. 

*  *  ; 

X.k  :  Vt'.y  ^•I'V 


*'  ■  ^  S;  /'v 

<  ■•>■  '^•'‘*  ■'  ■ 


.7<jy.  V 


t.  .'  •  iiS 


['*1  . 


>■'  1: 

..  ■■- 

-#  •  ■  V ' 

'f'.  ,■  'u 

■  ■;■'*'■  •  j 


‘  .;v.  '  ■  .....,:^v■‘1^ 


>? 


.4  4f<\ 


\  ,  *%  »  .*  ■.  '^’  ‘  '■  9 


‘''v  :;..  r‘ 


.  Vv- ■  .  •  •  :•:»•  .  •.;  . .. 

,  •.  .  Jl;  ,*>>.*  //?.';  . 

'  ■  «,  *  .  ,  ,  '  V  ',  I  -  •  , ' 


,  tv 


^  *•  '  ■  ^‘  /'.'i  '  *-'*  '  Jt  /r,  ,  J,  "1  .  v  t  .  ■  ■  Ji  ^  f  ’  -  * 

V..>  <Y' ' ^  ...vo!  -  ■'  ', 

■  t  .'  '  .  ,..T  •■  ■  .  ■  •  .-.O  '  '  ■  ^  ■  '!.  A^.  .  (  -  ,  l»  j  .  .  . 

■V  ..'  V,  O  ' A  :.,  V  v,  ^ 

^v-"  *  •■  '  .'■■'x  4/  :  4.['X\  :-•  o'" . 

«-*■•  -•  •  -  ■  .  -^  '  •>  ,'-.  '  .;  y  , 

.V.*'  ‘  ,  V,- ,',r^-5;  'A-'  *'’  '^ 


f  s. 

t 

>'!i;  V  f'.'. 


' '  S  '.  ^ 


A_.', 

v^:., 


.*4-  V 

.  *.1  . 


A  ^^.. 


f- ' 


-"c^' 


•*';•.  ,  ,-  .  -Mw-f  .’'.,S'  .,*  ■» 

..V  ,  ’  ■'  '  •  ' •<,«  •'•  -^'i- v  .*>:•  • 


^v-  -VV  >V  Ai. 


•,£1  !•'  ^  ’* 


'‘S'-r. 

* 


■' U .  -Ml  ;'  ..>■'  ' 

'*  ■  V' 


■f‘  >'■■ 


..•  A.;v-> 


•A  .  \ 


'■ 


.  “a, 


K 

'I 


^  ■ 


iviVv- 


H 

»■;  "v 


P-2J. 


I 

i 


I 


Royal  Academy  ^Sciences^  5^ 


The  potions  of  fame  towns  of  Turkey  and 

Armenia. 


i 

Latitude 

Smyrna. 

0 

/  ?/ 

4 

ss 

12  30 

Coronelli  makes  it 

MM** 

39 

15 

Latitude 

Trehifonde, 

41 

3  54 

Riccioli  makes  it 

43 

/ 

1 1 

Longitude 
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0  45 

Coronelli  makes  it 

71 

30 

Latitude 

Erzeron. 

39 

56  35 

Longitude 

-  -  -■ 

68 

45  45 

Latitude  - 

Eruan. 

40 

19  33 

F.  Gouye  has  drawn  thefe  conclufions  from  the 
obfervations  of  F.  de  Beze, 


VI.  The  efedls  of  burning  glafes  of  three  or^ 
four  jeet  in  diameter, 

M.  f'chirnJjaus  has  cut  feme  burning  glalTcs^- 
tbe  effects  of  which  are  above  all  that  has  yet 
been  feen.  What  he  has  communicated  to  us 
is  as  follows. 

I.  You  muft  place  the  glafs  ah^  ^  fo  that  it 
may  receive  tlie  rays  ot  the  lun  lull,  which  may 
be  known  by  the  focus  or  image  ot  the  fun  E, 
appearing  perfedlly  round  on  the  plank  c  dy  which 
muft  be  pare! lei  to  the  glafs  a  h  \  and  if  this  fi¬ 
gure  ftiOLild  be  oval,  you  muft  bend  and  turn  the 
glafs  till  it  arrives  at  this  perfect  roundnefs ;  and 
then  wood  will  ca.tch  fire  in  a  moment,  lead  will 
*  Plate  I.  Fig.  7. 

Vol.LN^.  I.  D-  nieit. 
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melt,  flates  will  vitrify,  and  this  at  the  dif- 
tance  of  1 2  feet,  the  focus  being  i  inch  |  in  dia¬ 
meter. 

To  render  this  focus  more  vivid,  you  muft 
contradl  it  by  means  of  a  fecond  lens^  which  mufl: 
be  placed  at  / parallel  to  the  firft  glafs  a 
and  then  the  focus^  which  was  at  E,  will  be  at 
H,  and  whereas  it  had  a  diameter  of  i  inch  it 
will  have  one  of  8  lines  ;  but  its  force  will  be 
much  augmented,  fo  that  the  fubftances,  which 
were  not  fufible  at  E,  will  melt  at  El. 

3.  This  glafs  muft  be  mounted  on  a  foot  like 
that  which  bears  the  great  burning  mirrour  of  the 
obfervatory,  that  it  may  be  turned  every  way, 
and  placed  in  a  convenient  fituation  to  receive  the 
rays  of  the  fun  always  full  upon  the  glafs.  Thefe 
rays  are  always  ftrongeft  from  9  in  the  morning 
to  3  in  the  afternoon,  both  in  fummer  and  win¬ 
ter.  It  muft  be  obferved  alfo  to  expofe  lefs  mat¬ 
ter  in  winter  than  in  fummer,  and  that  the  ef¬ 
fects  are  a  little  flower  in  winter.  Thefe  effecfts 
arc  : 

1.  Every  fort  of  wood,  let  it  be  ever  fo  hard, 
or  ever  fo  green,  nay,  the’  it  be  foaked  in  water, 
will  catch  fire  in  a  moment. 

2.  Water  in  a  fmall  veffel  will  boil  in  a  mo¬ 
ment. 

3.  Bits  of  metal  being  of  a  proportionate  big- 
nefs  will  melt,  not  in  a  moment,  but  immedi¬ 
ately  after  the  whole  bit  of  metal  has  attained  to 
a  certain  degree  of  heat.  For  example,  a  bit  of 
lead,  if  it  is  too  big,  will  not  melt  at  all,  but  be¬ 
ing  of  a  proportionate  bignefs,  it  muft  be  held  a 
little  while  in  the  focus  •,  and  when  it  begins  to 
melt  in  one  place,  all  the  reft  will  continue  to 
melt.  The  iron  muft  be  in  very  thin  flakes,  and 

then 
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then  it  will  grow  red  in  a  moment,  and  after¬ 
wards  melt  a  lib. 

4.  Tiles,  flates,  pumice-ftones,  earthen  ware, 
of  any  bignefs  whatfoever,  grow  red  in  a 

moment  and  vitrify. 

5.  Sulphur,  pitch,  and  all  forts  of  refins  melt 
under  water. 

6  When  you  expofe  to  it  in  fummer  any  ten¬ 
der  wood,  fuch  as  fir,  under  water,  it  does  not 
feem  to  change  it  on  the  outfide  j  but  when  it  is 
cleft  in  two,  it  is  found  burnt  within  to  a  coal. 

7.  If  you^make  a  hollow  in  a  coal  of  hard 
wood,  and  put  the  fubflances  into  it  that  you 
would  expofe  to  the  fun,  the  effed:  will  be  infi¬ 
nitely  more  violent. 

8.  Any  metal  whatfoever  put  into  the  hollow 
of  a  charcoal  melts  in  a  moment,  and  fire  fparkles 
in  it  as  in  a  forge  *,  and  if  you  keep  the  metals  in 
this  manner  in  fufion  for  fome  time,  they  fly 
quite  away,  which'*'  happens  particularly  and  very 
readily  to  lead  and  tin. 

9.  The  afhes  of  wood,  herbs,  paper,  linnert, 
i^c.  turn  to  a  tranfparent  glafs  in  a  moment. 

10.  If  any  fubflances  will  not  melt  when  they 
are  in  pieces^  you  muft  expofe  them  in  powder  5 
and  if  they  do  not  melt  in  powder,  you  muft  add 
fome  fait,  and  the  whole  will  melt. 

1 1.  The  fubftances,  which  are  moft  altered  by 
this  fire,  are  fuch  as  are  black,  and  remain 
black  in  melting  ;  the  more  difficult  are  fuch  as 
are  white  and  become  black  in  melting*,  ftill 
more  difficult  are  thofe  which  are  black  and 
become  white  in  melting  *,  the  moft  difficult 
of  all  are  the  white  fubftances,  which  remain 
white  in  melting,  luch  as  flints,  EngUJh  chalk, 
lime, 

D  2 
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12.  All  metals  vitrify  on  a  China  plate,  pro¬ 
vided  it  is  thick  enough  not  to  melt  itfelf,  and  the 
fire  is  given  it  by  degrees  that  it  may  not  crackle. 
Gold  receives  a  fine  purple  colour  in  its  vitrifi¬ 
cation. 

13.  If  you  put  in  a  great  receiver  a  h  c  fome 
fubftances  in  c  which  melt  eafily,  fuch  as  herbs, 
fulphur,  antimony,  zink,  bifmuth,  ^^c.  by  ap¬ 
plying  a  fingle  burning  glafs,  you  may  obferve 
very  curious  efFedls  in  the  receiver  ;  but  you  muft 
take  care  that  the  part  of  the  receiver  a  which 
gives  paflage  to  the  rays  of  the  fun,  may  not  be 
near  enough  to  focus  for  the  heat  to  break 
the  receiver. 

14.  Salt  petre  in  a  fuitable  dofe  volatilifes  en- 
^kely,  and  goes  ojff  in  fmoke  ;  fo  that  by  this 
means  one  might  make  fpirit  of  nitre  readily  in  a 
great  receiver. 

15.  To  melt  the  greatefl:  quantity  of  matter  at 
once,  you  mufi:  put  but  a  little  at  a  time,  and  when 
it  is  melted,  add  a  little  more,  and  fo  on.  In  this 
manner,  you  may  keep  4  ounces  of  filver  in  fu- 
fion  at  once. 

16.  A  folid  fubftance  which  is  eafily  put  in 
fufion,  may  ferve  as  a  flux  fo  another,  which  is 
melted  Vv^ith  difficulty,  if  you  expofe  them  to  the 
focus  together,  even  tho’  there  might  be  but  a 
little  of  that  which  is  eafily  fufible. 

17.  It  is  obfervable  alfo,  that  two  fubftances, 
each  of  which  is  difficult  to  melt  feparately,  when 
they  are  expofed  together  in  a  certain  dofe,  melt 
very  eafily,  as  flints  and  Englifh  chalk. 

18.  A  little  copper  melted  in  this  manner,  and 
thrown  quickly  into  cold  water,  produces  fo  vio¬ 
lent  a  ftroak  in  this  water,  that  the  ftrongefl: 
earthen  veflfels  break,  and  the  copper  flies  away 
divided 'into  fuch  fmall  parts,  that  there  cannot 
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the  leaft  grain  be  found,  which  does  not  happen 
to  any  other  metal. 

19.  As  metals  evaporate  in  the  fufion,  fome 
fooner  than  others,  fome  of  them  may  thereby 
purify  others  j  for  example,  filver  m.ay  be  puri¬ 
fied  by  lead,  as  well  as  by  the  ordinary  cuppel. 

20.  You  may  make  by  it  all  forts  of  coloured 
glafs. 

21.  All  bodies,  except  metals,  lofe  their  co¬ 
lours  in  this  fire,  and  even  precious  flones  are 
quickly  deprived  of  theirs  *,  fo  that  an  oriental 
ruby  lofes  all  its  colour  in  a  moment. 

22.  Some  bodies  vitrify  immediately,  and  be^- 
come  as  tranfparent  as  cryfial,  and  when  cool 
they  become  as  white  as  milk,  and  lofe  all  their 
tranfparence, 

23.  Some  bodies  on  the  contrary,  which  are 
opake  in  the  fufion,  become  finely  tranfparent 
when  they  are  cold. 

24.  Some  fubflances  are  very  tranfparent  in  the 
fufion,  and  remain  fo  when  cold  *,  but  fome  days 
after  they  become  opake. 

25.  Some  fubflances,  which  the  fire  changes 
into  a  glafs,  that  is  tranfparent  at  firfl,  and  after¬ 
wards  becomes  opake,  being  melted  with  other 
fubflances  that  are  always  opake,  will  produce  a 
fine  glafs,  v/hich  will  always  remain  tranfparent. 

26.  Thofe  bodies,  which  change  into  a  tranf¬ 
parent  glafs,  become  much  more  beautiful,  if  they 
are  left  a  little  longer  in  the/ipcus. 

27.  Some  fubflances  turn  to  fo  hard  a  glafs, 
that  being  cut  in  fleets,  it  cuts  common  glafs. 

28.  When  you  melt  lead  and  tin  together  on  a 
thick  plate  of  copper,  there  comes  out  a  great 
deal  of  fmoke  ;  but  if  there  is  only  one  of  them, 
and  they  do  not  go  off  entirely  in  fmoke,  there 
remains  always  a  vitrified  fcormn. 

29.  You 
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29.  You  may  concentrate  the  rays  of  the 
rnoon  by  thefe  glafles,  but  they  will  give  no  fen- 
fible  heat,  tho’  they  make  a  great  brightnefs. 

30.  You  may  make  alfo  with  thefe  glafles 
curious  reprefentations  in  opticks,  and  better  than 
with  the  concave  mirrours  ;  and  you  may  make 
alfo  glafles  for  telefcopes  and  microfcopes,  much 
better  than  any  that  have  hitherto  been  feen. 

VII.  On  a  machine  made  to  prove  the  pro^ 
portion  oj  the  fall  of  bodies. 

The  ingenious  hypothefis  of  Galileo^  on  the 
proportion  according  to  which  the  quicknefs  of 
falling  bodies  increafes,  is  from  henceforth  efta- 
blifhed  in  phyficks.  By  dividing  into  equal  parts 
the  time  of  the  fall  of  a  body,  we  know  that  in 
the  fecond  moment  it  goes  thro’  3  times  more 
fpace  than  in  the  firfl:,  5  times  more  in  the  third, 
and  fo  on,  according  to  the  odd  numbers.  But 
this  hypothefis,  fo  convenient  for  calculation,  and 
fo  probable  in  reafoning,  is  however  not  good  at 
the  bottom,  any  other  wife  than  as  it  agrees  with 
experience,  and  this  is  not  very  eafy  to  prove  in 
a  great  degree  of  exadtnefs. 

For  this  purpofe,  F.  Sehajiien  has  conceived 
and  very  exactly  executed  a  machine,  which 
feemed  to  him  more  fit  to  prove  the  fyftem  of 
Galileo^  than  the  other  experiments  which  have 
been  made  with  the  fime  defign. 

This  machine  is  compofed  of  2  or  4  equal  pa¬ 
rabolas,  which  interfecl  at  their  top  by  making 
equal  angles,  and  have  a  common  axis  perpen¬ 
dicular  to  the  horizon.  This  forms  a  para¬ 
boloid,  about  which  there  turns  a  fpiral,  com¬ 
pofed  of  two  parallel  brafs  wires,  which  make 
a  very  narrow  inclined  plane,  and  fo  dif- 
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pofed,  that  the  firft  turn  of  the  fpiral  being  i  inch 
in  diameter,  the  fecond  is  3,  the  third  5,  the  fourth 
7,  &c.  Thefe  turns  of  the  fpiral,  which  are  to  each 
other  as  their  diameters,  are  the  unequal  fpaces 
which  the  falling  bodies  mud  go  thro’  in  equal 
times.  We  fee  therefore,  that  if  we  let  a  little  ivo¬ 
ry  ball  of  6  inches  in  diameter  fall  from  the  top  of 
the  paraboloid,  and  pafs  thro’  the  whole  inclined 
fpiral  plane,  it  will  pafs  thro’  all  the  turns  in  the 
fame  time  *,  and  this  will  appear  dill  better,  if  2 
equal  balls  turn  about  a  paraboloid  at  the  fame 
time,  and  at  fome  didance  from  each  other  •,  for 
when  one  has  feen  them  pafs  in  the  fame  indant 
over  the  fame  arch  of  one  of  the  parabolas,  one 
fees  that  they  continue  to  go  always  together,  and 
to  be  found  at  the  fame  indant  over  every  other 
arch  whatfoever,  tho’  being  at  different  heights 
they  go  through  very  unequal  turns  of  the  fpiral. 
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Science  at  Paris  for  the  Year  1699  *. 

I.  RejieBioiis  on  light  and  colours^  and  on  th^ 
generati07i  of  fire  ^  by  F.  Mallebranche. 

IN  order  to  explain  my  notion  of  the  natural 
caufes  of  light  and  colours,  let  us  imagine  a 
great  ball  preffed  on  the  outfide  by  an  infinite 
force,  and  filled  with  a  fluid  matter,  the  motion 
of  which  is  fo  rapid,  that  not  only  the  whole 
turns  with  a  great  deal  of  quicknefs,  about  a 
common  centre,  but  alfo,  that  each  part,  to  ful¬ 
fil  its  whole  motion,  that  is,  to  move  as  much  as 
it  has  force  to  do  fo,  is  obliged  either  to  turn 
upon  the  centre  ’'of  an  infinite  number  of  little 
vortices,  orelfeto  flow  among  them,  and  all  this 
with  an  extraordinary  rapidity.  In  a  word,  let 
us  imagine  the  matter  contained  in  this  ball  to  be 
nearly  fuch,  as  M.  Defcaries  has  afligned  to  our 
vortex excepting  that  the. globules' of  his  fecond 
clement,  which  he  fuppofes  to  be  hard,  are  them- 
felves  only  little  vortices,  or ,  at  leaf!:  that  they 
have  no  hardnefs,  but  by  the  comprefiion  of  the 

matter 
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tiiattcr  which  furrounds  them.  For  if  thefe  globules 
were  hard  of  themfelves,  which  I  think  I  have 
fufficiently  proved  ^  to  be  falfe,  they  could  not,  as 
we  fhall  fee  hereafter,  tranfmit  the  light  and  dif¬ 
ferent  colours  thro’  the  fame  point,  where  the 
rays  crofs.  But  if  this  fuppofition  meets  with 
any  difficulty,  it  is  fufficient  at  prefent  to  imagine 
a  ball  full  of  water,  or  rather  of  a  matter  infi¬ 
nitely  fluid,  and  extremely  compreflTed  on  the 
outflde.  The  circle  A  B  C  "f  is  the  fe6lion  of 
this  ball  thro’  the  centre. 

This  being  fuppofed,  if  we  make  a  little  hole 
in  this  ball,  as  at  A,  I  fay,  that  all  the  parts  of 
^ater,  as  thofe,  for  inftance,  at  R,  S,  T,  V,  will 
tend  towards  the  point  A,  in  right  lines  RA,  SA, 
TA,  VA.  For  all  thefe  parts,  which  were  equally 
preflfed,  ceafing  to  be  fo  on  the  fide  which  an- 
fwers  to  the  hole  A,  they  mtifl:  tend  thither  *,  fince 
every  body  that  is  prefled  mufl:  tend  to  move  it- 
felf  by  the  fide  where  it  finds  the  leafl;  refiftance. 

But  if  we  put  a  pifton  to  the  aperture  A,  and 
drive  it  quickly  in,  the  fime  parts  R,  S,  T,  V, 
fsfr.  will  all  endeavour  to  remove  from  the  hole 
by  the  fame  right  hires  A  R,  AS,  &c.  becaufe 
when  the  pifton  advances,  they  are  more  preflTed 
by  the  fide  which  anfwers  to  them  diredtly,  than 
by  any  other. 

In  fine,  if  we  conceive  that  the  pifton  advances 
and  retires  very  quickly,  then  all  the  parts  of  the 
fluid  matter  which  fills  the  ball  exadlly,  the  elaT 
ticity  of  which  I  fuppofe  to  be  very  great,  or 
that  it  ftretches  or  extends  itfelf  with  great  diffi¬ 
culty,  will  receive  an  infinite  number  of  fhocks, 
which  I  call  vibrations  of  prejfure, 
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As  every  thing  is  full,  our  eyes  are  adlnally 
prefifed,  tho^  fhuc  or  in  the  dark.  But  this  com- 
prefllon  of  the  optic  nerve  does  not  excite  any  fenfa- 
tion  of  colours,  becaufe  this  nerve  is  always  equally 
comprelTed :  for  the  fame  reafon  that  we  do  not 
feel  the  weight  of  the  air  which  furrounds  us, 
tho’  as  heavy  as  28  inches  of  quickfilver.  But, 
if  we  imagine  an  eye  at  T,  or  elfewhere,  turned 
towards  a  flambeau  at  A  j  the  parrs  of  the  flame 
being  in  a  continual  motion,  will  picfs  without 
ceafing  more  ftrongly  than  in  the  dark,  and  by 
very  quick  fliakes  or  vibrations,  the  fubtile  mat¬ 
ter  on  all  fides,  and  confequeiitly  becaufe  of  the 
flenum^  quite  to  the  end  of  the  eye  \  and  the  op¬ 
tic  nerve,  being  more  preiTed  than  ufual,  and 
fhaken  by  thefe  vibrations,  will  excite  in  the 
mind  a  fenfition  of  light,  and  of  a  lively  and 
glaring  whitenefs. 

If  we  fuppofe  at  S,  a  black  body  M;  the  fub¬ 
tile  matter  not  being  refledted  towards  the  eye 
turned  that  way,  and  not  fliaking  the  optic  nerve, 
we  fhall  fee  black,  as  w'hen  we  look  into  the 
mouth  of  a  cave,  or  the  hole  of  the  fight  of  an 
eye. 

If  the  body  M  is  fuch,  that  the  fubtile  matter, 
which  the  flambeau  fhakes,  is  reflected  from  this 
body  towards  the  eye,  without  the  quicknefs  of 
the  vibrations  diminifhing,  this  body  will  appear 
white,  and  fo  much  the  more  white,  as  there  are 
more  rays  refledted.  It  will  alfo  appear  luminous 
like  the  flame,  if  the  body  M  being  polifhed, 
the  rays  are  all  refledled,  or  a  great  part  of  them, 
in  the  fame  order,  becaufe  the  brightnefs  comes 
from  the  force  of  the  vibrations,  and  the  colour 
from  their  quicknefs. 

But  if  the  body  M  is  fuch,  that  the  fubtile 
matter  being  relieved  has  its  vibratipns  lefs  quick; 
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in  certain  deprees,  which  I  do  not  think  we  can 
determine  exactly ;  we  fhail  have  fome  one  or 
the  colours  which  are  called  primitive^  yellow, 
red,  or  blue,  if  all  the  parts  of  the  body  M 
equally  diminifli  the  vibrations  caufed  by  the 
flame  in  the  fubtile  matter.  And  v/e  fhail  fee  all 
the  other  colo’.irs  which  are  formed  by  the  mixture 
of  the  primitive,  according  as  the  parts  of  the 
body  M  fliall  unequally  diminifh  the  quicknefsof 
the  vibrations  of  the  light.  This  is  what  1  meant,  ' 
when  I  advanced  in  fome  of  my  books,  that  light 
and  colours  confifted  only  in  df  event  /hakes  *  or 
vibrations  of  the  etherial  matter,  or  in  f  more  or 
Icfs  quick  vibrations  ofpre/iire^  v^hich  the  fubtile 
matter  produced  on  the  retina. 

This  plain  difeovery  of  my  opinion  will  per¬ 
haps  make  it  appear  fomething  probable  ;  at 
kafl:  to  thofe  who  are  acquainted  with  the  philo- 
fophy  ofM.  Defcartesy  and  are  not  contented 
with  the  explication  which  that  learned  man  has 
given  of  colours.  But  that  a  more  folid  judgment 
may  be  formed  of  my  opinion,  it  will  be  necef- 
fary  to  give  fome  proof  of  it  j  and  therefore  we 
fliall  obferve  : 

1.  That  found  is  heard  only  by  the  medium  of 
the  vibrations  of  the  air,  which  fliakes  the  audi¬ 
tory  nerve:  for  when  we  have  drawn  the  air  as 
much  as  we  can  out  of  the  pneumatic  engine,  the 
found  does  not  pafs  thro*  it,  but  is  louder  as  the 
air  is  condenfed,  and  lels  in  proportion  as  it  is 
rarefied. 

2.  That  the  difference  of  tones  does  not  come 
from  the  force  of  the  vibrations  of  the  air,  but 
from  their  greater  or  lefs  quicknefs.,  as  all  the 
world  knows. 
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3.  That  tho’  the  imprefilons,  which  objed:s 
make  on  the  organs  of  our  fenfes,  differ  fometimes 
only  as  to  more  and  lefs,  yet  the  fentiments,  which 
the  mind  receives  from  them,  differ  effentially. 
There  are  no  fenfations  more  oppofite  than  pleafyrc 
and  pain  •;  yet  he  that  fcratches  with  pleafure, 
will  feel  pain  if  he  fcratches  a  little  harder  :  be- 
caufe  the  greater  or  lefs  motion  in  our  fibres  difi 
fers  effentially  with  refped:  to  the  well  being  of 
the  body,  and  our  fenfes  inform  lis  only  of  this 
relation.  It  is  very  probable,  that  fweet  and  bit¬ 
ter,  which  caufe  fuch  oppofite  fenfations,  often 
differ  only  as  to  more  and  lefs  ;  for  there  are  fome 
who  think  bitter  what  others  think  fweet.  There 
are  fome  fruits  which  to-day  are  fweet,  and  to¬ 
morrow  will  be  bitter.  A  little  difference  theror 
fore  in  the  bodies  renders  them  capable  of  caufing 
very  oppofite  fenfations.  In  a  word,  the  laws  of 
the  union  of  the  foul  and  body  are  arbitrary,  and 
there  is  nothing  in  the  objeds  like  the  fenfations 
that  we  have  of  them. 

It  is  certain,  that  colours  depend  naturally  on 
the  fhaking  of  the  organ  of  the  fight.  Now  this 
Ihaking  can  be  only  ftrong  and  weak,  or  quick 
and  flov/.  But  experience  fliows,  that  the  more 
or  lefs  ftrength  or  weaknefs  of  the  fhaking  of  the 
optic  nerve  does  not  alter  the  fpecies  of  the  co¬ 
lour  •,  fince  the  more  or  lefs  light,  on  which  de¬ 
pends  the  more  or  lefs  of  this  force,  does  not 
ufually  fhew  the  colours  of  a  different  and  quite 
oppofite  fpecies.  It  is  therefore  neceffary  to  con¬ 
clude,  that  it  is  the  more  or  lefs  quicknefs  in  the 
vibrations  of  the  optic  nerve,  or  of  the  fhocks  of 
the  fpirits  contained  in  them,  that  changes  the 
fpecies  of  colours,  and  confequently  that  the 
caufe  of  thefe  fenfations  comes  primitively  from 
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the  more  or  lefi  quick  vibrations  of  the  [ubtUe 
matter^  which  comprelTes  the  retina. 

Thus  it  is  with  light  and  different  colours,  as 
it  is  with  found  and  different  tones.  The  great- 
nefs  of  the  found  comes  from  the  more  or  lefs  force 
of  the  vibrations  of  the  grofs  air,  and  the  diver- 
fity  of  the  tones  from  the  more  or  lefs  quicknefs 
of  the  fame  vibrations,  as  all  agree.  Tht  force  or 
brightnefs  of  the  colours  comes  therefore  alfo  from 
the  more  or  lefs  force  of  the  vibrations,  not  of 
the  air,  but  of  the  fubtile  matter,  and  the  diffe¬ 
rent  fpecies  of  colours  from  the  more  or  lefs  quick¬ 
nefs  of  the  fame  vibrations. 

When  one  has  looked  at  the  fun,  and  the  optic 
nerve  has  been  very  much  fhaken  by  the  bright¬ 
nefs  of  its  light,  becaufe  the  fibres  of  this  nerve 
are  fi mated  in  tht  focus  of  the  tranfparent  humours 
of  the  eye  j  then  if  one  fhuts  the  eyes,  or  enters 
into  a  dark  place,  the  fhaking  of  the  optic  nerve 
will  alter  only  as  to  more  and  lefs.  However, 
we  fhall  fee  different  colours,  white  at  firft,  yel¬ 
low,  red,  blue,  and  fome  of  thofe  which  are 
formed  by  the  mixture  of  the  primitives,  and  in 
the  laft  place  black.  Whence  we, may  conclude, 
that  the  vibrations  of  the  retina^  which  are  very 
quick  at  firft,  become  flower  by  degrees.  For 
once  more,  it  is  not  the  greatnefs  or  force  of  thefe 
vibrations,  but  their  quicknefs  that  changes  the 
fpecies  of  the  colours  *,  fince  red,  for  example,  ap¬ 
pears  red  to  a  weak  as  well  as  to  a  ftrong  light.  We 
might  therefore  judge  perhaps  by  the  feries  of 
thefe  colours,  if  it  was  very  conftanr,  that  the 
vibrations  of  the  yellow  are  more  quick  than  thofe 
of  the  red,  and  of  the  red  than  of  the  blue,  and 
fo  of  the  other  colours  that  fucceed.  But  it  feems 
to  me  impoffible  to  difcover  precifely  by  this 
.means,  or  even  by  any  other,  the  exad  relations 
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of  the  quicknefs  of  thefe  vibrations,  as  they  have 
been  difcovered  in  the  confonances  of  mufick. 
We  can  therefore  only  conjedlure,  and  have  re- 
courfe  to  the  probable. 

As  the  air  is  comprefied  only  by  the  weight  of 
the  atmofphere,  there  muft  be  fome  little  time 
allowed  for  every  particle  of  air  to  remove  the 
next  to  it.  Therefore  found  tranfmits  itfelf  pretty 
flowly.  It  travels  no  more  than  about  1 8o  toifes 
in  a  fecond.  But  k  is  otherwife  with  light,  be- 
caufe  all  the  parts  of  the  ethereal  light  touch  one 
another,  and  are  very  fluid,  and  efpecially,  be- 
caufe  they  are  compreflfed  by  the  weight,  if  I 
may  fo  fpcak  of  all  the  vortices.  So  that  the 
vibrations  of  prelfure,  or  the  ackion  of  the  lumi¬ 
nous  body,  inufl:  communicate  from  a  great  dil- 
tance  in  a  very  little  time.  And  if  the  compref- 
fion  of  the  parts,  which  compofe  our  vortex.,  was 
infinite,  then  the  vibrations  .of  preflure  mufl:  be 
made  in  an  inflant.  \ 

M.  Huygens.,  in  his  treatife  of  light  concludes 
from  the  eclipfes  of  the  Satellites  of  Jupiter.,  that 
light  tranfmits  itfelf  about  600,000  times  fafter 
than  found.  Thus  the  weight  or  preflfure  of  the 
whole  celeflial  matter  is  without  comparifon 
greater  than  that  which  is  produced  on  the  earth 
by  the  weight  of  the  atmofphere.  I  think  I  have 
fufficiently  proved  elfewhere  f.,  that  the  hardnefs 
of  bodies  can  come  only  from  the  prelfure  of  the 
fubtile  matter.  And  if  this  is  fo,  it  mull  be  ex¬ 
tremely  great,  feeing  fome  bodies  are  fo  hard,  as 
to  require  a  very  great  force  to  feparate  the  leak 
parts  of  them.  It  appears  to  me,  that  the  pro¬ 
portion  of  the  weight  of  the  ^tber  to  that  of  the 
atmofphere,  is  yet  greater  than  that  of  6,00,000 

*  9‘ 

■f  Kecherches  del  a  Verite,  Ch.  dernier. 


to 


Royal  Academy  (^Sciences.  39 

to  I,  and  that  we  may  even  look  upon  it  as  in¬ 
finite. 

Let  us  therefore  now  fuppofe,  that  all  the  parts 
of  the  ather^  or  fubtile  and  invifible  matter  of 
our  vortex  are  comprelTed  with  an  infinite  force 
by  thofe  which  encompafs  it,  and  that  each  of  its 
parts  is  very  fluid,  and  has  no  hardnefs  but  by 
the  motion  of  thofe  which  encompafs  or  compre6 
it  on  all  fides.  And  let  us  fee  how  it  is  polfible 
in  the  fyftem  that  I  propofe,  that  the  impreflions 
of  an  infinite  number  of  rays,  or  of  different  co¬ 
lours,  communicate  without  confounding  each 
other.  Let  us  fee  how  10,000  rays,  which  crofs 
each  other  in  a  phyfical,  or  fenfible  point,  tranf- 
mit  all  their  different  vibrations  thro*  the  fame 
point,  fince  I  have  jufl:  proved,  that  the  difference 
of  colours  cannot  come  but  from  the  more  or 
lefs  quicknefs  of  the  fame  vibrations.  Probably 
the  fyftem  of  the  world,  which  may  clear  up  this 
grand  difficulty,  will  be  conformable  to  the 
truth. 

Let  *  A  P  E  N  be  the  fedion  of  a  chamber 
painted  with  an  infinite  variety  of  colours,  and 
let  them  be  the  moil  diflindt  that  can  poffibly  be  ; 
that  is,  let  there  be  at  A  white  next  to  the  Llack 
n ;  blue  h  nsxt  the  red  r  ;  yellow  i  next  to  the 
violet  V,  If  from  all  thefe  points  A,  r,  7, 
there  be  drawn  right  lines  interfe6ling  each  other 
as  in  Q,  and  the  eye  be  placed  beyond  as  at  E,  r, 
we  fliall  fee  all  thefe  different  colours 
by  the  intermiffion  of  the  point  of  interfedlion  Qj 
and  as  this  figure  reprefents  only  one  row  of  co¬ 
lours,  whereas  we  ought  to  imagine  as  many  as 
there  are  parts  that  the  eye  can  diflinguifh  in  a 
fphere,  the  point  of  interfedtion  Q  muft  receive 
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and  tranfmic  a  very  great  number  of  different  irri» 
preflions,  without  their  deftroying  each  other. 

If  the  phyfical  point,  or  the  globule  Q  was  a 
hard  body,  as  M.  Defcartes  fuppofes,  it  would 
be  impoffible  for  the  eye  at  E  to  fee  the  white  at 
A,  and  another  eye  at  t  to  fee  the  black  at  tii 
For  when  a  body  is  perfedly  hard,  if  fome  part 
of  this  body  advances  a  little,  or  tends  directly 
towards  the  optic  nerve,  as  from  A  towards 
it  is  neceffary  that  all  the  other  parts  tend  thither 
alfo.  Then  we  fhall  not  be  able  to  fee  the  black 
and  the  white  at  the  fame  time  by  the  rays  that  in- 
terfedl  in  Q. 

M.  Defcartes  pretends  again,  that  the  red  is 
formed  by  the  turning  of  little  globules,  which 
communicate  together  in  the  whole  ray  from  the 
obje6t  to  the  eye.  This  opinion  is  infupportable 
for  many  reafons.  But  it  is  enough  to  overthrow 
it,  if  we  do  but  confider,  that  if  the  globule  Q 
turns  upon  the  axis  P  N  from  r  where  there  is 
red,  to  /  where  the  eye  is,  it  will  not  be  able  to 
turn  at  the  fame  time  upon  the  axis  r/,  from  N 
where  I  again  fuppofe  red,  to  P  where  1  fuppofe 
another  eye. 

Moreover,  when  I  fay  that  the  rays  interfed: 
in  the  globule,  or  vortex  Q,  I  do  not  pretend 
that  thefe  little  vortices  are  cxadtly  fpherical,  nor 
that  the  vifible  rays  have  the  fame  thicknefs  with 
a  globule  cf  the  fecond  element  or  a  vortex.  I 
do  not  determine  what  muft  be  the  bignefs  of 
thefe  rays,  for  them  to  be  able  to  fhake  the  optic 
nerve  fufficiently  to  fhew  the  colours.  But  what 
I  have  faid  of  one  (ingle  globule,  muft  be  under-- 
flood  of  a  thoufand,  or  a  million,  if  one  ray,  in 
order  to  be  fenfible,  muft  be  extended  as  far  as  a 
thoufand  or  a  million  of  globules. 
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It  is  not  therefore  poflible,  that  the  globule  Q, 
or  its  like,  can  tranfmit  the  a(5lion  of  the  light 
proper  to  fhew  all  forts  of  colours,  fuppofing  thefe 
globules  to  be  hard.  But  il  we  conceive  them  in¬ 
finitely  fluid  or  foft,  fo  that  the  Ample  idea  of 
the  matter  reprefents  all  the  bodies,  fince  reft  has 
no  force,  and  it  is  indifferent  to  each  part  of  a 
body  to  be  or  not  to  be  near  its  neighbour,  and 
it  muft  part  from  it  eafily,  if  fome  force,  that  is, 
fome  motion  does  not  reftrain  it  *,  for  we  do  not 
conceive  in  the  bodies  any  other  force  than  their 
motion  :  if,  I  fay,  we  imagine  thefe  globules  very 
fofr,  or  rather,  which  I  think  is  the  truth,  like 
little  vortices^  compofed  of  a  matter  almoft  infi¬ 
nitely  fluid,  or  extremely  agitated,  they  will  be 
fufceptible  of  an  infinite  number  of  different  im- 
preffions,  which  they  may  communicate  to  others 
on  v/hich  they  reft,  and  with  which  they  are  al- 
moft  infinitely  compreffed.  This  I  muft  endea¬ 
vour  to  explain  and  prove. 

In  order  to  this,  it  is  neceffary  perfeftly  to 
comprehend,  that  the  re-adion,  which  like  the 
adion  communicates  itfelf  at  firft  in  a  right  line, 
is  here  neceffarily  equal  to  the  adion  :  by  this  rea- 
fbn  effential  to  the  effed  in  queftion,  that  our 
vortex  is  almoft  infinitely  compreffed,  and  that 
confequently  it  cannot  have  any  vacuum  in  it.  If, 
for  example,  I  was  to  pufh  my  cane  againft  an 
immoveable  wall,  my  hand  and  cane  would  be 
repelled  v/ith  the  fame  force  which  I  pufhed  with. 
The  readion  will  be  equal  to  the  adion.  Now, 
tho’  the  rays  are  not  hard  like  flicks,  the  fame 
thing  happens  with  regard  to  the  readion,  be- 
caufe  of  the  preffure  and  plenitude  of  our  vortex. 

For  if  we  fuppofe  a  barrel  full  of  water,  or  the 
ball  of  the  firft  figure  full  of  air,  and  that  having 
adapted  a  pipe  to  it,  we  pufli  a  pifton  into  the 
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pipe,  this  pifton  will  be  as  much  repelled  as  it  is 
pulhed  forward.  And  if  we  make  befides  in  this 
pifton  a  little  hole,  for  the  water  to  get  out  of  the 
barrel,  and  pufh  this  pifton,  all  the  water,  that 
ftiall  be  ccmprefted  by  it,  will  rend  at  the  fame 
time,  becaufe  of  its  fluidity,  to  remove  itfelf  from 
each  point  of  this  pifton  by  the  adtion,  and  by 
the  readlion  it  will  approach  the  hole  in  the  mid¬ 
dle.  For  if  the  pifton  v/as  pufhed  with  fufflcient 
force  and  quicknefs,  the  barrel  would  burft  in  the 
weakeft  place,  wherefoever  jt  was,  a  certain  mark, 
that  by  the  aftion  of  the  pifton,  the  water  would 
prcfs  the  barrel  every  where,  and  if  the  pifton  is 
pufhed  ever  fo  little,  the  water  will  immediately 
fpoiit  out  of  the  little  hole  in  confequence  of  the 
reaction.  And  all  this,  becaufe  the  readlion  is 
equal  to  the  adlion  in  the  plenum^  and  the  wate^ 
or  fubtile  matte  r  is  foft  enough  or  fluid  enough 
for  each  part  to  form  itfelf  in  fuch  a  manner  as  to 
anfwerall  forts  of  imprefTions. 

It  muft  be  obferved,  that  the  more  ftrongly  we 
pufh  the  pifton  that  is  let  into  the  barrel,  by  fo 
much  more  is  the  water,  tho’  driven  toward  the 
concave  furface  of  the  barrel,  ftrongly  repelled 
toward  the  pifton,  and  fpouts  at  its  aperture  with 
the  more  force.  Whence  it  is  eafy  to  judge,  that 
a  black  point  on  a  white  paper  muft  be  more  vi- 
fible  than  on  a  blue  paper:  becaufe  the  white  re¬ 
turning  the  light  more  ftrongly  than  any  other 
colour,  not  only  (hakes  the  optic  nerve  very 
much,  but  is  the  caufe  that  the  fubtile  matter  tends 
by  the  readion  toward  the  black  point  with  more 
force ;  but  if  the  ethereal  matter  was  not  infi¬ 
nitely  foft  or  fluid,  it  is  clear,  that  the  globules 
which  tranfmit  the  impreffion  of  the  white,  being 
hard,  muft  hinder  that  of  the  black  ;  becaufe 
thefe  globules  fuftaining  each  other,  could  not 
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tend  toward  the  black  point :  and  if  this  ethereal 
iiiatter  was  not  cornprefied,  there  would  be  no 
tea(5lion. 

What  1  have  juft  faid  of  the  white  and  black, 
may  be  applied  to  the  other  colours.  But  it 
would  be  very  difficult  to  do  it  particularly,  and 
to  anfwer  the  difficulties  which  many  people  might 
form  on  this  fubjed; ;  for  it  is  eafy  to  make  ob- 
jedions  on  obfcure  fubjeds.  I  think  however, 
that  I  have  clearly  proved,  that  the  different  co¬ 
lours  confift  only  in  the  different  quicknefs  of  the 
vibrations  of  preffure  of  the  fubtile  matter  ;  as  the 
different  tones  of  mufick  come  only  from  the  dif¬ 
ferent  quicknefs  of  the  vibrations  of  the  grofs  air, 
as  we  learn  from  experience,  which  vibrations 
alfo  crofs  without  deftroying  each  other. 

It  ought  not  to  be  imagined,  that  what  I  have 
laid  of  the  globules  of  the  fecond  element,  which 
far  from  thinking  hard,  I  rather  look  upon  as 
little  vortices  of  a  fluid  matter,  can  overthrow' 
the  philofophy  of  M.  Defcartes,  On  the  con¬ 
trary,  if  my  opinion  is  true,  it  perfeds  what  is 
general  in  his  fyftem.  For  if  my  opinion  may 
ferve  to  explain  light  and  colours,  it  feems  to  me 
alfo  very  proper  to  refolve,  conformably  to  the 
principles  of  this  philofopher,  other  general  quef- 
tions  in  natural  philofophy,  as  for  example,  to  ex¬ 
plain  the  generation  and  furprifing  effeds  of  fire, 

.  which  I  fhall  now  endeavour  to  do. 

On  the  generation  of  fire. 

As  bodies  cannot  naturally  acquire  any  motiorl, 
unlefs  it  is  communicated  to  them  by  fome  others, 
it  is  plain,  that  fire  cannot  be  kindled  without  the 
communication  of  the  motion  of  the  fubtile  matter 
to  the  grofler  bodies.  M.  Defcartes^  we  know,, 
fuppafes,  that  it  is  only  the  firft  element  that  com- 
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niunicates  its  motion  to  the  third,  of  which  the 
groffer  bodies  are  compofed,  and  which  by  agi¬ 
tating  them  fets  them  on  fire.  According  to  him, 
when  we  let  off  a  gun,  we  forcibly  detach  a  little 
part  of  the  flint.  (I  fhculd  rather  it  was  a  part 
torn  from  the  fteel  that  kindled  *,  for  when  we 
examine  with  a  microfcope  the  fparks  of  fire  ga¬ 
thered  together,  we  fee  that  it  is  the  fteel  that  has 
been  diiTolved  and  reduced  to  globules,  or  little 
ferpents  *,  and  I  have  not  obferved  any  alteration 
to  be  made  in  the  fparks  detached  from  the  flint.) 
This  little  part  being  detached  from  the  iron 
whirling  round  with  force,  drives  the  globules  of 
the  fecond  element,  and  makes  the  firft  flow  back 
upon  it,  which  encompaffing  it  on  all  fldes,  com¬ 
municates  to  it  a  part  of  its  rapid  motion  which 
makes  it  appear  In  fire.  This  is  pretty  nearly 
the  opinion  of  M.  Defcartes  on  the  generation  of 
fire.  But  if  the  globules  are  hard,  and  all  of  them 
touch,  as  he  fuppofes  for  the  explication  of  co¬ 
lours  ;  it  is  difficult  to  comprehend  how  the  firft 
element  could  flow  back  towards  the  part  detached 
from  the  iron;,  and  that  with  a  fufficient  abun¬ 
dance  to  encompafs  it  and  fet  it  on  fire  ;  and  not 
only  it,  but  all  the  powder  of  a  cannon  or  of  a 
mine,  the  eflfedls  of  which  are  violent.  For  the 
firft  element  that  can  flow  back  can  be  at  moft 
but  a  very  fmall  portion  of  the  fubtile  matter, 
which  fills  the  little  triangular  and  hollow  fpaces, 
which  the  globules  leave  between  them. 

I  ffiall  therefore  thus  explain  the  generation  of 
fire  and  its  violent  effefls,  on  the  fuppofition  that 
the  globules  of  the  fecond  element  are  in  effedt 
only  little  vortices^  of  a  fluid  matter  very  much 
agitated. 

But  it  muft  firft  be  obferved,  that  tho’  the  air 
is  not  neceffary  to  excite  any  little  fpark  of  fire,  yet 

withput 
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without  air  the  fire  foon  goes  out,  and  cannot  Ib 
much  as  communicate  itfelf  to  the  gun-powder^ 
which  is  fo  ready  to  catch  fire.  When  we  di>f- 
charge  in  vacuo  a  piftol  well  primed,  we  learn  by 
experience,  that  for  want  of  air  the  prime  does 
not  take,  and  that  it  is  very  difficult  to  fee  fo 
much  as  one  fpark  from  it.  In  ffiort,  every  one 
knows  that  fire  goes  out  for  want  of  air,  ai’id 
kindles  by  blowing.  This  being  fuppofed,  l  ex- 
plain  the  generation  of  fire,  and  its  quick  effei;^ 
in  mines  after  the  following  manner. 

If  one  lets  off  a  firelock  in  vacuo ^  the  force  oF 
the  ftroke  beats  off  a  fmall  part  of  the  iron  m 
fteel.  This  little  part  whirling  round,  and  ffrik- 
ing  quickly  on  fome  little  vortices  of  the  fecond 
element,  breaks  them,  and  confequently  deter¬ 
mines  their  parts  to  encompafs,  and  afterwards  t?© 
agitate  it  and  fet  it  on  fire.  But  the  matter  ©f 
thefe  vortices^  which  we  cannot  imagine  too  muda 
agitated,  after  having  had  in  an  inftant  a  great 
number  of  irregular  motions,  partly  replaces  dtfe3f 
quickly  in  new  vortices^  and  partly  efcapes  into 
the  intervals  of  the  furrounding  vortices^  which 
intervals  become  greater,  when  thefe  vortices  ap¬ 
proach  the  detached  part  of  the  ironr  and  thefe 
laft  vortices  are  not  broken,  becaufe  the  part  df 
the  iron  which  is  rounded  or  almoft  cylindrical 
turning  upon  its  centre  or  length,  does  not  ffiock 
the  encompaffed  vortices  in  a  manner  fit  to  break 
them.  All  this  is  done,  as  it  were  in  an  inffant, 
when  the  iron  and  flint  fhock  each  other  in  <a  plare 
void  of  air,  and  the  fpark  is  then  hardly  vifibPe 
and  does  not  continue. 

But  when  we  let  off  the  firelock  in  the  open 
air,  the  part  torn  from  the  iron,  by  whirling 
itrongly,  not  only  meets  and  fliakes  Ibme  little 
vortices^  but  a  great  many  parts  of  air,  which 
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were  branched,  meet,  and  confequently  break  by 
their  motion  many  more  vortices^  than  the  little 
part  of  the  iron  could  by  itfelf.  So  that  the  fub- 
tile  matter  of  thefe  vortices^  coming  to  encompafs 
thQ  fire  and  the  air,  it  gives  them  a  fufficient  num¬ 
ber  of  different  motions,  to  repel  the  other  vor¬ 
tices  ftrongly.  Thus  the  fparks  muft  be  much 
brighter  in  the  air  than  in  vacuo :  they  muft  alfo 
continue  longer,  and  have  force  enough  to  fee 
fire  to  the  gun-powder.  And  this  powder  cannot 
want  fubtile  matter  to  fet  it  on  fire,  what  quantity 
of  powder  foever  there  is,  fince  it  is  not  only  the 
matter  of  the  firft  element,  as  M.  Defcartes  be¬ 
lieved,  but  much  more  that  of  the  fecond,  or  of 
the  fmall  broken  vortices^  that  produces  the  ex¬ 
traordinary  motion  of  the  fire  in  the  mines.  If  we 
refle(ft  upon  what  happens  to  the  fire,  when  a 
great  deal  of  air  is  driven  againft  it,  we  fhall  not 
queftion  but  that  the  parts  of  air  are  very  fit  to 
break  a  great  many  of  the  vortices  of  the  fecond 
element,  and  confequently  to  determine  the  fub¬ 
tile  matter  to  communicate  a  part  of  its  motion  to 
the  fire.  For  it  is  only  from  this  matter,  that 
the  fire  can  draw  its  force  or  its  motion  ;  fince  it 
is  certain,  that  a  body  cannot  move  but  by  the 
adlion  of  thofe  which  encompafs  or  fhock  it.  The 
prodigious  efFe(5ts  of  the  great  burning  mirrours 
fufficiently  prove,  that  the  fubtile  matter  is  the 
true  caufe  of  fire.  The  rays  of  light  crofting  each 
other  at  the  focus  of  thefe  mirrours,  the  little 
vortices  of  the  ethereal  matter  of  which  thefe  rays 
are  compofed,  muft  change  their  circular  motion 
different  ways,  and  tend  to  move  themfelves  all 
the  fame  way,  that  is,  according  to  the  a^ds  of 
the  cone  of  reflected  light,  and  to  pierce  alfo  and 
lhake  the  parts  of  the  body  which  they  meet,  and 
to  inflame  them. 


II. 
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II.  yl  defer iption  of  a  new  fort  of  flood-gate^ 

ufed  in  the  undertaking  of  the  new  navir^ 

gation  of  the  Seine,  by  Billettes 

This  gate  is  .quite  fingular,  and  has  no  relation 
to  any  that  has  been  feen  in  any  of  the  other  na¬ 
vigations.  The  principal  properties  of  it  are  : 

1.  It  favesat  lead  a  foot  of  excavation,  which 
is  known  to  be  a  great  advantage  in  this  fort  of 
works. 

2.  It  is  of  extraordinary  ilrength,  and  in  a 
manner  invincible. 

3.  It  is  not  faftened  to  the  piles,  and  confe- 
quently  independent  on  the  inconveniences  of  all 
thofe  that  are  fo. 

4.  A  fingle  man  can  open  it  with  fo  much  eafe 
and  quicknefs,  that  a  mariner,  when  he  is  within 
a  hundred  toifes  above  or  below,  need  only  blow 
a  horn,  and  he  finds  it  open  before  he  gets  to  it. 
Thus  the  navigation  is  never  interrupted,  as  it 
ufually  happens  at  other  gates,  where  whole  hours 
are  often  loft  whilft  they  are  opening  them. 

5.  If  there  are  any  repairs  to  be  made,  two- 
men  can  get  it  out  of  the  water  in  ^  of  an  hour; 
and  as  Toon  as  it  is  mended,  they  replace  it  in  an 
inftanr. 

6.  There  can  be  no  gathering  of  fand  or  other 
things,  to  hinder  the  opening  of  it,  but  what  may 
be  taken  away  in  a  moment. 

7.  Tho*  it  is  very  fimple,  and  more  certain  than 
any  that  has  been  made  till  now,  it  cofts  much 
lefs,  and  is  not  fubjed:  to  the  accidents  of  other 
conftrudions. 

It  was  invented  by  the  late  duke  of  Rouanez, 

*  May  2,  1 699, 
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The  conjlrutlicn. 

We  fiiall  here  only  give  a  geometrical  plan  of 
this  gate,  with  a  profile  of  one  of  its  arms,  with¬ 
out  entering  into  the  explication  of  thofe  parts, 
which  are  necelTary  to  all  forts  of  flu  ices. 

Having  therefore  fuppofed  the  excavation  to  be 
as  it  ought,  and  the  two  floors  above  and  below 
proper  for  the  emplacement  of  this  gate,  whether 
open  or  fliut,,  with  all  the  conditions  requiflte  to 
hinder  the  water  from  pafflng  underneath,  or  da¬ 
maging  the  piles  of  the  canal,  we  fliall  content 
©urtelves  with  obferving  here,  that  thefe  two 
floors  are  in  a  manner  made  into  one,  being  joined 
by  a  platform  common  to  both,  and  making 
part  of  them. 

This  platform  is  here  reprefented  ^  by  4  pricked 
lines,  and  marked  A.  B.  B.  A.  It  is  made  of  4 
piepes  of  crooked  wood,  placed  end  to  end,  and 
making  together  48  feet  in  length,  and  1 8  inches 
in  breadth.  Its  bend  is  2  portions  of  a  circle, 
which  meet  in  the  middle  of  the  canal  at  the  points 
B.  B.  the  centres  of  which  are  about  30  feet  be¬ 
low,  and  a  little  without  its  alinement.  This 
canal  is  here  marked  by  the  2  parallel  pricked 
lines  c.  c.  c.  c. 

Into  each  of  thefe  two  centres  is  driven  a  great 
flake  15  or  16  feet  long,  and  18  or  20  inches 
thick,  of  which  there  remains  out  of  the  ground 
only  the  length  of  about  2  feet  rounded  into  a 
trunnion  of  lo  inches  diameter.  Thefe  two 
flakes  are  the  pivots  of  the  gate,  and  marked 
P.  P.  It  has  fince  been  found  more  proper  (in- 
flead  of  making  this  trunnion  out  of  the  thicknefs 
of  the  wood)  to  cut  the  head  of  the  flake  quite 

*  Plate  II.  Fig.  3. 
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fmooth,  and  place  in  the  centre  of  it  a  pin  of  iron 
about  4  inches  in  diameter  or  a  little  more. 

We  fhall  now  fhew  in  what  the  gate  alone 
confifts. 

It  has  2  leaves^  each  of  which  is  compofed  of 
2  great  arms  and  2  fmall  ones. 

The  great  arms  marked  D.  D.  D.  D.  are  pieces 
of  wood,  30  feet  long,  and  10  or  12  inches 
fquare,  joined  and  bound  together  with  great 
ferrels  and  iron  pins  at  the  lower  end,  and  fepa- 
rated  at  the  upper  end  by  a  diftance  of  5  or  6 
feet.  At  a  little  above  the  diftance  of  a  foot  from 
the  extremity  of  their  union,  they  are  cut  in  fuch 
a  manner  as  to  form  a  round  hole,  into  which  the 
trunnions  of  the  pivots  enter.  At  their  feparated 
ends  they  are  mortifed  into  2  curbs  of  wood,  12 
or  1 3  feet  long  to  7  inches  fquare,  marked  E  E, 
which  are  arched  like  the  platform,  and  meet  in 
like  manner  at  the  points  B.  B.  when  the  gate  is 
ftiut.  And  on  both  fides  they  are  faftened  to  the 
curbs  by  mortifed  binders  F. 

At  10  feet  from  the  curbs,  the  arms  are  faf¬ 
tened  by  crofs  quarters  G  G  ;  and  in  like  man¬ 
ner  alfo  at  about  8  or  9  feet  from  the  extremity  of 
their  lower  ends. 

At  about  6  feet  from  their  lower  extremity, 
there  arife  alfo  2  other  fmaller  arms  of  which 
the  tenons  below  enter  into  the  mortifes  H  y  and 
feparating  afterwards  by  a  very  acute  angle,  rife 
at  their  other  end  about  4  feet  higher,  and  are 
rnortifed  into  another  curb  raifed  parallel  above 
the  firft.  They  are  again  fupported  by  upright 
pofts,  mortifed  into  the  great  arms  at  the  places  I. 

One  of  thefe  little  arms  joined  to  the  great  one, 
and  at  once  to  the  upper  and  lower  curbs,  may 
be  feen  in  the  profile  mentioned  afterwards. 
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As  the  great  arms  are  faftened  by  binders  to  the 
lower  curbs  which  reft  on  the  platform,  the  fmall 
ones  are  likewife  faftened  by  like  binders,  to  curbs 
4  feet  higher  than  thefe,  and  are  likewife  held 
by  a  crofs  quarter  like  that  at  G. 

Thefe  upper  and  lov/er  curbs  are  connedled' 
with  upright  pofts,  and  binders  mortifed  into  each. 
The  place  of  thefe  mortifes  may  be  feen  in  1 2 
places  of  thefe  lower  curbs. 

Againft  thefe  curbs  are  faftened  vertically,  on 
the  fide  of  their  convexity,  fome  planks,  which 
make  a  kind  of  fedlion  of  a  portal  :  and  it  is 
thereby  that  the  water  is  kept  up  on  the  floors 
above  and  below.  They  are  allowed  to  be  6  or 
7  feet  high  or  more,  according  as  there  is  water 
to  fuftain  in  proportion  to  the  piles  and  cham- 
bords  of  the  canal. 

One  of  thefe  planks  is  marked  in  the  profile, 
at  ^ 

The  two  upright  pofts,  which  are  at  the'extrc- 
mity  of  each  curb,  bear  at  the  bottom  each  of 
them  on  a  roller,  or  cylinder,  10  inches  in  dia¬ 
meter,  and  7  long.  And  it  is  by  thefe  4  rollers 
that  the  gate  turns  upon  the  platform  ;  one  of 
thefe  rollers  is  in  the  profile  marked  j. 

At  the  bottom  of  the  planks  in  the  fore  part,  or 
above  the  ftream,  there  are  little  boards  applied 
refting  on  the  chanty  and  faftened  by  hinges,  fo 
chat  they  play  like  the  lid  of  a  box  againft  the 
cringle  of  wood  raifed  and  nailed  along  the  whole 
bend  of  the  platform.  So  that  by  this  means  the 
water  cannot  enter  under  the  gate  by  the  intervals 
of  the  rollers  \  and  yet  when  any  weeds,  fand, 
wood,  or  other  fubftances  flop  before  or  above 
thefe  boards,  they  are  let  under  the  gate  in  a  mo- 

^  fig-  4. 
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ment,  by  railing  thefe  Jittle  boards  with  a  chain 
or  hook. 

To  open  and  flint  the  gate  eafily,  there  is  placed 
on  each  fide  a  vertical  windlafs,  or  capflan,  near 
the  edge  of  the  canal.  About  this  windlafs  is  an 
iron  chain,  the  two  ends  of  which  are  fafhened 
near  each  other  on  the  curb  above,  after  having 
made  a  turn  on  a  roller  or  pully  fafiened  to  the 
pile  ;  and  by  this  means  one  man  alone  turning 
the  capflan,  by  a  lever,  one  way  opens  the  gate, 
and  the  other  way  flints  it  in  a  very  little  time. 

Each  leaf  of  the  gate,  when  it  is  open,  places 
itfelf  in  an  excavation  as  low  as  the  floors,  repre- 
fented  by  the  triangles  of  pricked  lines  *  A.  K.  L. 
This  emplacement  is  called  the  etang^  or  pond, 
becaufe  the  water  has  no  courfe. 

To  keep  the  boats  from  flriking  againfl:  the 
pivots,  there  are  two  flakes  Q.  Q.  placed  before 
them,  which  are  called  de  garde ^  ov  pietix^ 

de  defenfe  ;  that  is,  guarding  flakes. 

This  gate  may  be  made  fimple,  and  has  fome- 
times  been  made  fo  *,  that  is,  of  one  leaf  only, 
which  bars  the  whole  breadth  of  the  canal.  It 
has  only  2  great  arms  at  the  extremities,  that  is, 
to  right  and  left,  and  two  others  fliorter  between 
them,  butting  only  on  a  crofs  quarter  which  holds  1 
the  firfl  5  and  very  little  different  alfo  in  its  con- 
flrudlion,  wherefore  it  is  not  neceffiry  to  fpeak 
of  it  here,  becaufe  the  former  is  much  better. 
This  fimple  one  has  but  one  leaf,  which  extends 
over  the  whole  breadth  of  the  canal  ;  it  turns  alio 
on  a  fingle  pivot,  and  has  need  only  of  one  pond 
to  place  itfelf  when  it  is  open.  But  tho’  this  fingle 
pivot  mufl  fuflain  the  whole  effort  of  the  water 
of  the  canal ;  whereas  the  two-leaved  gate  has  2 
pivots,  each  of  which  fuflains  but  half  this  effort. 
Fig.  3. 
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yet  the  fimple  one  is  however  very  excellent,  and 
may  be  neceflary  on  Tome  occafions,  where  we 
can  have  the  pond  but  on  one  fide. 

An  explanation  of  the  profile  of  one  of  the  leaves^ 
which  muft  he  imagined  to  he  elevated  on  the 
geometrical  plan  of  the  others. 

*  ^  ^  D  D  I  R  is  the  aflemblage  of  the  great 
and  little  arm,  with  one  of  the  upright  pofts  of 
the  gate,  which  is  marked  R. 

H  is  the  place  of  the  mortife  marked  in  the 
plan  of  the  gate  :  I  one  of  the  upright  pofts 
which  holds  the  upper  and  lower  arms  together. 

P  is  one  of  the  great  ftakes  ferving  for  pivots 
to  the  gate  :  T  is  the  trunnion. 

M  is  a  brace  of  2  large  pieces  joined  together 
to  hold  the  trunnion. 

N  is  one  of  the  ftakes  which  hold  the  brace  in 
notches,  and  ferve  together  with  the  brace  to 
make  the  pivot  ftronger  againft  the  force  of  the 
water  fuftained  by  the  gate. 

j  is  one  of  the  4  rollers.  They  are  faftened  to 
the  bottom  of  the  upright  pofts  by  blocks  and 
gudgeons. 

^  ^  is  one  of  the  planks  which  form  the  leaf  of 
the  gate. 

III.  A/t  explanation  of  fome  (ingiilar  effe^s 
which  happen  to  plain  glafjes^  Juch  as  look- 
tng-glajjes^  by  ~M.  de  la  Hire^  at  the  ob- 
fervatory. 

When  we  look  at  an  obje61:  thro’  a  plain  glals, 
that  is  well  polifhed  on  both  ftdes,  as  a  looking- 
glafs,  v/e  do  not  perceive  that  it  is  multiplied  fe- 
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■veral  times  :  but  if  it  is  in  darknefs,  and  the  ob¬ 
ject  is  a  luminous  body  as  a  candle,  we  may  fee 
It  multiplied  at  leaft  4  times  ;  and  the  multiplied 
objedt  appears  fo  much  the  more  diftindtly,  as  the 
glafs  is  more  oblique  to  the  line  drawn  from  the 
eye  to  the  object. 

This  repetition  of  the  objedf  Teems  fometimes 
,on  one  fide  and  fometimes  on  the  other  of  the 
Juminous  body,  and  thefe  appearances  diminifli  a 
little  in  vivacity,  in  proportion  as  they  are  far¬ 
ther  diftant ;  and  at  laft  they  become  fo  weak  as 
to  be  no  longer  perceived.  But  there  is  an  oblique 
pofition  of  the  glafs  in  which  the  candle  does  not 
Teem  multiplied  *,  and  there  are  fome  glafles  alfo, 
thro’  which  we  cannot  fee  any  multiplication  of 
the  objedt,  tho’  it  is  very  much  inclined. 

I  firft  obferve,  that  this  appearance  is  fenfiblc 
only  when  the  glafs,  tho’  plain,  is  unequal  in 
thicknefs.  And  as  looking-glalTes  generally  have 
their  furfaces  undulated,  which  comes  from  the 
manner  of  polilhing  them,  for  they  are  generally 
well  wrought  and  fmoothed,  by  rubbing  them  a- 
gainfl  one  another  ;  which  fliews  the  objedf  mul¬ 
tiplied  in  fome  pofitions  of  the  glafs,  fometimes 
on  one  fide,  fometimes  on  another,  and  in  fome 
pofitions  there  does  not  appear  a  fenfible,  if  any, 
multiplication. 

I  fay  now,  that  the  moft  diftindl  multiplication 
of  the  luminous  objedt  is  made  in  the  line,  which 
is  the  fedlion  or  meeting  of  a  plane,  which  paf- 
fing  thro’  the  eye  and  thro’  the  objedt,  is  perpen¬ 
dicular  to  both  the  furfaces  of  the  glafs  together, 
and  that  this  multiplication  is  made  by  the  diffe¬ 
rent  refledtions  of  the  light  within  the  glafs,  and 
by  the  rcfradlions  in  coming  in  and  going  out,  as 
I  fhall  demonflrate. 
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III  the  firft  place,  it  is  eafily  known,  th;it  the 
luminous  rays  cannot  make  feveral  turns  and  re¬ 
turns  both  within  and  without  the  glafs,  unlefs  it 
be  in  plain  furfaces,  perpendicular  to  each  furface 
of  the  glafs,  and  which  pafs  thro’  the  ray  within 
the  glafs,  feeing  all  thefe  turns,  both  in  reflexion 
and  refraction,  are  always  in  a  plane  which  pafTes 
thro’  the  perpendicular  to  the  furface,  which 
makes  the  reflection  or  refraCtion  *,  and  fince  there 
are  two  furfaces,  there  will  be  alfo  two  perpendicu¬ 
lars  ;  and  if  thefe  perpendiculars  are  in  the  fame 
plane,  all  the  rays,  both  refraCted  and  reflected, 
will  be  in  the  fame  plane,  and  they  will  make 
angles  with  each  other  more  obtufe,  than  if  they 
were  on  different  planes,  and  inclined  to  each 
other ;  which  mufl;  be  underftood  only  of  the 
rays,  which  coming  from  the  objeCt  may  meet 
the  eye. 

I  fay  now,  that  if  the  glafs  was  all  over  of 
equal  thicknefs,  or  if  the  feCtion  of  its  furfaces 
was  two  lines  parallel  to  each  other  on  a  plane  per¬ 
pendicular  to  the  glafs  which  paflfes  thro’  the  eye 
and  the  luminous  objeCt,  this  ob^eCl  could  not 
appear  fenfibly  multiplied,  provided  it  was  at  a 
confiderable  diftance  from  the  glafs. 

Let  ^  the  feClion  of  the  glafs  be  E  M  B  D,  of 
which  the  2  lines  E  M,  B  D  are  parallel  \  let  the 
luminous  point  be  C,  and  the  eye  O.  It  is  evi¬ 
dent,  that  all  the  rays,  as  CA,  which  coming 
from  the  objeCl  C,  meet  on  the  furface  of  the  glafs 
E  M,  are  refraCled  and  turn  as  at  A  B,  as  they 
approach  the  perpendicular  within  the  glafs,  ac¬ 
cording  to  the  rules  of  refraCtion,  and  come  out 
afterwards  at  B  O ;  in  fuch  a  manner  that  the  an-^ 
gle  of  incidence  C  A  E  is  equal  to  that  of  the 
exit  D  B  O,  feeing  the  refraCted  angle  E  A  B  is 

*  Plate  III.  Fig.  i. 
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equal  to  DBA,  becaufe  of  the  parallel  furfaces. 
Thus  the  eye  being  at  O,  will  fee  the  luminous 
point  C,  by  the  ray  O  B  parallel  to  C  A, 

If  the  furfaces  are  not  parallel,  but  the  fedlion 
E  M,  GD  is  two  parallel  lines,  it  will  be  almoft 
the  fime  thing,  feeing  the  whole  difference  will 
lie  only  in  the  remedied  rays,  which  will  not  be  on 
one  furface,  by  which  this  demonftration  is  not 
affecfled. 

But  for  the  fame  reafon,  if  another  ray  C  F, 
which  may  be  confidered  as  parallel  to  CA  ,  if  the 
point  C  is  at  a  confiderable  diftance  from  the 
glafs,  tho’  the  fpace  A  F  is  large  enough,  falls  on 
the  part  A  E  of  the  furface  E  M  of  the  glafs,  it 
will  have  its  refra<5led  ray  F  G  within  the  glafs, 
which  will  alfo  be  parallel  to  A  B;  and  that  as 
G  H  which  fliali  go  out  of  the  glafs,  being  alfo 
parallel  to  B  O,  will  not  be  able  to  enter  the  eye 
O,  unlefs  it  is  very  near  to  B  O,  which  I  do  not 
fuppofe  here.  It  would  be  the  fame  with  another 
ray,  which  fhould  meet  the  furface  of  the  glafs  on 
the  other  fide  of  A  towards  M.  But  if  one  part 
of  the  ray  F  G  is  refledted  at  1  by  the  laws  of  ca- 
toptricks,  and  if  another  part  of  the  fame  ray  G  I 
is  refledled  at  I  K,  which  will  alfo  be  parallel  to 
AB,  becaufe  of  the  parallel  furfaces  EM,  BD, 
goes  out  of  the  glafs  at  K,  being  refrafled  at  KL, 
it  is  as  evident,  that  this  ray  KL  will  either  meet 
the  eye  at  O,  or  not  at  all ;  and  if  it  does  meet 
it,  it  will  not  make  a  different  image  from  that 
of  the  ray  BO,  feeing  it  enters  the  pupil  with  the 
fame  dire6lion  as  B  O,  wherefore  in  this  cafe  the 
objedb  will  not  appear  multiplied.  But  if  we  fup¬ 
pofe,  that  C  F  makes  the  angle  C  F  E  much  more 
obtufe  than  the  angle  C  A  E,  then  it  may  be  that 
the  ray  K  L,  which  will  alfo  make  the  angle 
D  K  L  equal  to  C  F  E,  will  meet  the  eye  in  O, 
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under  another  diredlion  than  B  O  ;  which  will 
form  an  image  of  the  luminous  point,  different 
from  that  made  by  the  ray  B  O. 

But  this  fecond  image  formed  by  K  L,  will  be 
a  little  weak,  becaufe  the  greateft  part  of  the  rays 
will  be  loft  in  coming  out  of  the  glafs  at  G  and 
at  I. 

It  muft  be  obferved,  that  if  the  glafs  is  not 
very  thick,  or  the  objed:  not  far  enough  off,  the 
ray  K  L  will  be  very  near  BO,  and  confequently 
the  image  formed  by  K  L  will  be  fo  much  the 
more  eafily  confounded,  as  it  is  more  weak,  with 
that  which  is  formed  by  B  O  ;  and  that  fo  the  ob- 
jedt  will  not  appear  fenfibly  multiplied. 

It  is  not  neceffary  to  demon ff  rate  that  the  ray, 
which. coming  from  the  point  C  would  fall  upon 
the  part  A  M  of  the  furface  of  the  glafs,  would 
make  a  more  obtufe  angle  than  C  A  M,  and  could 
never  meet  the  eye  after  one  or  more  refledlions, 
feeing  it  would  always  feparate  more  and  more 
from  BO. 

Now  ^  if  the  glafs  is  fuppofed  to  be  of  un¬ 
equal  thicknefs,  and  to  be  thicker  towards  the 
objedt  C  than  towards  the  eys  O;  i.  The 
ray  CAB  O,  which  will  come  to  the  eye  after  two 
refradlions,  will  come  to  the  line  BO,  which  be- 
,  ing  prolonged  will  meet  the  incident  ray  C  A  ; 
lor  the  ray  A  B  refradted  within  the  glafs,  being 
more  perpendicular  on  B  D  than  A  M,  the  ray 
alfo  O  B  will  make  with  A  B  a  more  obtufe  an¬ 
gle  than  C  A  with  the  fame  A  B,  wherefore  OB 
being  prolonged  will  meet  C  A  towards  the  objedl 
C.  And  if  the  bignefs  of  the  glafs  does  not 
hinder  the  rays  immediately  from  the  objedt  C  to¬ 
wards  the  eye  O,  we  fhall  fee  the  objedt  C  fim- 

*  Fig  2. 
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ply  out  of  the  glafs,  and  on  the  fide  the  object 
thro*  the  glafs  by  the  ray  O  B. 

2.  There  will  be  other  rays  as  G  R,  which 
coming  from  the  objedt  G,  after  a  refradlion 
R  N  and  two  refledlions  N  M,  M  P,  and  a  re- 
fradlion  P  O,  may  come  to  the  eye  O.  For  fap- 
pofing  C  R  as  parallel  to  GA,  R  N  will  be  alfo 
parallel  to  A  B.  But  the  furface  B  D  being  able 
to  meet  the  furface  A  M  in  D,  the  ray  N  M  will 
be  more  perpendicular  to  the  furface  A  M  than 
the  ray  N  R,  which  does  not  merit  demonflra- 
tion  ;  and  the  ray  M  P  making  the  angle  PMD 
equal  tO  the  angle  NMA,^  the  angle  MPD  will 
be  lefs  obtufe  than  the  angle  RN  D  or  A  B  D  : 
wherefore  the  refradted  ray  P  O  making  the  an¬ 
gle  D  P  O  greater  than  the  angle  D  B  O,  it  may 
meet  B  O  at  the  point  O,  which  is  the  eye. 

We  fhall  find  alfo  other  incident  rays  at  G  R, 
which  meeting  the  furface  A  D  beyond  R  towards 
D  and  after  two  refradlions  both  in  coming  in  and 
going  out,  and  4  or  6  or  8  refledlions  within  the 
glafs,  riiay  fall  on  the  fame  point  O,  which  will 
lliew  the  objedl  as  many  times  multiplied  as  there 
are  different  rays^  which  come  to  the  eyeO.  And 
thefe  rays  will  come  to  the  eye  in  the  fame  man¬ 
ner  as  if  ^he  luminous  objedl  was  placed  in  the 
rays  O  P,  prolonged  to  a  diftance  from  the  point 
O  equal  to  the  fum  of  all  the  rays  O  P,  P  N,  MN, 
N  R,  R  G  ;  for  they  will  enter  the  eye  with  the 
(time  diredf ion,  as  if  they  came  effedfively  from  a 
point  placed  at  this  diftance. 

It  is  known  by  what  I  have  juft  dernonftrated, 
that  the  laft  images  of  the  objedt,  which  are  thofe 
fchat  come  to  the  eye  after  a  greater  number  of  re- 
fledlions,  and  confequently  after  a  longer  way, 
will  appear,  fmaller  than  thofe  which  are  nearer 
the  firft  O  B,  becaufe  coming  as  it  were  from  a 
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greater  diftance,  the  rays  enter  the  eye  more  pa¬ 
rallel  to  each  other,  which  makes  the  object  Teem 
farther  off;  and  the  faintnefs  of  the  image  of  the 
objedls  moll  diftant  from  O  B,  contributes  alfo 
very  much  to  make  them  appear  fmaller. 

It  is  eafy  to  fee,  that  the  rays  which  come  to 
the  eye,  after  a  greater  number  of  refle(5lions 
within  the  glafs,  mu  ft  appear  much  fainter  than 
thofe  which  come  thither  after  a  lefs  number : 
feeing  at  each  meeting  which  the  ray  makes  with 
one  of  the  inner  furfaces,  the  greateft  part  of  the 
rays  comes  out  of  the  glafs ;  and  as  very  few  are 
reflected,  fo  the  laft  that  come  out  and  make  only 
part  of  thofe  which  are  refledted,  muft  be  very 
faint :  it  is  for  this  reafon  alfo,  that  if  the  body 
was  not  luminous,  and  if  it  was  not  in  the  dark, 
we^ftiould  not  perceive  any  multiplication. 

It  muft  now  be  demonftrated,  why  there  ap¬ 
pears  a  greater  diftance  between  each  multiplied 
objedl,  when  the  glafs  is  more  oblique  to  the  ray 
which  goes  from  the  objedt  to  the  eye,  than  when 
it  is  lefs  oblique. 

Let  ^  there  be  the  ray  CABO,  which  meets  the 
eye  in  O  after  two  refradtions,  one  in  coming  in, 
and  the  other  in  going  out  of  the  glafs;  and  ano¬ 
ther  ray  C  R  N  M  P  O,  which  comes  alfo  to  the 
eye  in  O  after  two  refradtions  and  two  refledtions 
in  the  glafs.  Let  there  be  alfo  another  ray 
of  another  luminous  point  K,  more  inclined  to  the 
glafs  than  CA,  and  paffing  thro*  B^,  and  ano¬ 
ther  K?  which  coming  alfo  from  K  after 

two  refradtions  and  two  refledtions,  meets  B^  in  » 
where  the  eye  would  be ;  I  fay,  that  the  angle 
is  greater  than  the  angle  BOP,  and  confequently 
the  two  images  which  come  to  the  eye  by  the  rays 
OB,  OP,  and  their  ordinates,  will  appear  lefs  fe- 
%  Lg.3. 

parated 


Royal  Academy  of  Sciences.  59 

parated  from  each  other,  than  thofe  which  fhall  be 
formed  by  the  rays 

The  ray  aB  in  the  glafs  makes  with  AB  the 
the  angle  ctBA,  fmaller  than  the  angle  ^BO  formed 
by  the  fame  refradled  rays  in  coming  out  of  the 
glafs,  which  is  known  by  dioptricks ;  for  thejrays 
as  BO  which  are  the  refradlcd  of  the  incidents 
AB,  approaching  much  quicker  to  the  furface  of 
the  glafs  BD,  than  the  incidents  in  the  fame  glafs 
do  to  the  fame  furface  HB.  But  the  line  be¬ 
ing  as  a  parallel  to  ^B,  becaufe  we  fuppofe  the 
rays  K?  as  parallels,  it  follows  that  the  an¬ 
gle  fNR  will  be  equal  to  the  angle  MN// ;  and 
confequently  the  difference  of  the  angles  DMP, 
will  be  alfo  equal  to  the  angle  «BA. 

But  the  rays  MP,  being  more  perpendicu¬ 
lar  to  the  furface  BD  than  AB  and  ctB,  the  re- 
frafted  rays  PO  and  will  make  between  them 
a  fmaller  angle  that  OB^',  and  if  we  draw  xl  pa¬ 
rallel  to  PO,  the  angle  lyrco  will  be  equal  to  that 
which  is  contained  by  the  rays  PO  and  ^rty,  which 
will  be  fmaller  than  the  angle  OB<y ;  which  is 
plain  from  the- reafon  juft  given. 

Now  bccaufe  the  external  angles  are  equal  to 
the  two  internal  oppofite  ones  in  the  triangles, 
the  angle  minus  the  angle  DB^^  will  be  equal 
to  the  angle  t^-B  ;  and  the  angle  DPO  mhius  the 
angle  DBO  will  be  equal  to  the  angle  FOB  :  but 
the  difference  between  the  angle  and  DPO, 
or  its  equal  DtI,  which  is  the  angle  was  de- 
monftrafed  above  to  be  fmaller  than  the  angle 
OB:y :  wherefore  if  from  the  angle  D^<y  we  take 
away  the  angle  DB^ ;  and  if  from  the  lame  angle 
D^^y  plus  the  angle  we  take  away  the  angle 
DB^s  and  the  ^BO,  which  is  greater  than  as 
has  been  demonftrated,  it  follows  that  the  firft  re¬ 
mainder  is  greater  than  the  fecond,  feeing  in  the 
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fecond  there  is  more  taken  away  than  added  ;  biVc 
the  firft  remainder  is  equal  to  the  angle  and 
the  fecond  equal  to  POB  ;  therefore  the  angle  ^^-B 
is  greater  than  the  angle  POB,  Q.  E.  D. 

It  will  be  the  fame  with  the  other  angles  made 
as  'ttcoQ  by  incident  rays  which  will  fall  towards  D. 

Experience  confirms  what  I  have  juft  demon- 
ftrated  of  the  images  which  appear  by  the  rays 
OB,  OP,  OQ,  which  are  formed  by  the 
incident  rays  CA,  CR,  CS,  and  thofe  which  are 
of  the  fame  ordinance,  or  which  coming  from  the 
fame  point  of  the  luminous  objedt,  can  enter  the 
pupil :  for  if  a  paper  is  applied  to  the  furfice  of 
the  glafs  AD,  and  it  is  drawn  forvv^ard  from  D 
towards  A,  when  the  paper  fliail  cover  the  place 
S  of  the  incident  ray  CS,  the  luminous  image  in 
C^will  difappear.  Afterwards  v^hen  it  is  come 
to  R,  the  light  in  P  will  difappear  in  its  turn, 
and  fo  on.  An'd  it  will  be  obferved,  that  no  re> 
gard  is  to  be  had  to  the  image  of  the  paper,  which 
is  feen  doubled  becaufe  of  the  refradion,  which 
is  not  feen  out  of  the  darknefs ;  but  it  is  a  parti¬ 
cular  cafe  which  I  flrall  explain  afterwards. 

The  diftances  between  the  images  BPQ  appear 
almoft  equal  among  themfelves  ;  for  thefe  images 
are  formed  by  refleded  rays,  which  furpafs  one 
another  by  a  feries  of  two,  and  the  incident  rays 
CA,  CR,  CS,  which  form  them,  are  very  near 
to  each  ocher :  but  this  appearance  can  only  be 
when  the  furfaces  of  the  glafs  are  almoft  planes ; 
for  if  one  or  both  of  them  are  curves,  the  diftances 
between  the  images  will  appear  very  unequal  ; 
which  is  eafy  to  know  by  the  difpofttion  of  the 
rays  which  can  come  to  the  eye. 

I  have  already  demonftrated,  that  the  images 
appear  more  faint  in  proportion  as  they  are  far¬ 
ther  removed  from  thofe  which  are  neareft  the  lu¬ 
minous 
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Diinous  obje(5l,  by  the  quantity  of  rays  which 
efcape  out  of  the  glafs  and  I  have  faid  alfo,  that 
they  appear  fmaller,  becaufe  they  come  to  the 
eye  as  if  they  were  farther  off:  but  I  demonifrate 
at  prefent,  that  they  appear  larger  in  proportion 
as  they  are  farther  feparated  from  the  luminous 
pbjedl,  which  muff  always  be  uriderftood  of  the 
images  multiplied  in  the  plane,  which  paffing 
thro’  the  objed'  and  thro’  the  eye  is  perpendicular 
to  the  tv/o  furfaces  of  the  glafs. 

We  ffall  explain  ih.h  'phenomenon^  as  we  did 
the  preceding.  For  the  rays,  which  come  to  the 
eye  O  from  the  two  points  CK,  which  are  on 
the  two  fides  of  the  luminous  body,  after  two  re- 
fradlions  only,  are  more  inclined  to  the  furface  of 
the  glafs  which  is  turned  towards  the  eye,  than 
thofe  which  come  thither  after  two  refradtions  and 
two  rededlions  within  the  glafs ;  which  appears 
by  the  figure,  and  by  what  has  been  already  de- 
nionflrated.  But  fince  the  rays  more  inclined  to 
the  furface  BD  make  angles  much  more  acute  in 
proportion,  as  they  approach  to  the  furface  of  the 
glafs,  than  thofe  of  inclination  are,  becaufe  the 
refractions  follow  the  proportion  of  the  fines  of 
the  angles  of  inclination  ;  it  follows  that  the  rays 
OB,  will  make  an  angle  BO^  much  more 
acute  in  proportion  than  the  rays  OP,  Ott,  which 
comprehend  the  angle  PO^.  For  the  ray  Od 
muft  be  more  inclined  with  regard  to  its  incident 
ray,  than  the  ray  O^  wdth  regard  to  its  incident : 
thus  the  angle  BO 3  will  be  more  acute  in  propor¬ 
tion  to  the  length  of  the  ray  which  goes  to  the 
objec^l;  by  the  point  B,  and  by  its  turns  within  the 
glafs,  than  the  angle  POt  in  proportion  to  the 
length  of  the  ray  which  goes  to  the  objedl  by  the 
ray  OP  and  by  all  its  turns.  Therefore,  laflly, 

*  Fig.  4- 
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the  image  reprefentedto  the  eye  by  the  angle  POr, 
will  appear  larger  than  that  which  is  reprefented  by 
the  angle  in  proportion  to  the  height  of 

thefe  images.  For  the  height  of  the  image  of 
the  body,  which  I  have  fuppofed  to  be  a  candle, 
muft  diminilh  only  in  proportion  to  the  ways 
which  the  rays  take  both  within  and  without  the 
glafs  to  come  to  the  eye,  feeing  the  fedlion  of  the 
glafs,  which  determines  the  greateft  inclination  of 
its  furfaces,  is  fuppofed  horizontal. 

It  muft  be  obferved,  that  in  all  which  is  here 
explained  of  the  rays  that  come  from  the  points 
of  an  obje(5l  as  CK,  I  fpeak  only  of  the  principal 
rays ;  tho’  we  muft  always  conceive  an  ordinance 
of  the  rays  of  thefe  fame  points  which  come  all  to 
the  eye  to  enter  the  aperture  of  the  pupil,  which 
make  a  fort  of  cones  or  pencils  as  fome  call  them, 
which  alTemble  on  the  retina  to  make  the  pic¬ 
ture  of  the  objedl ;  for  it  is  demonftrated  in  diop- 
tricks,  that  the  point,  where  they  affemble  after 
their  refractions  in  the  eye,  is  always  upon  one  of 
thefe  rays  called  the  principal. 

*  As  for  the  paper  which  hides  the  multiplied 
images  as  faft  as  it  advances,  as  I  have  faid  before, 
it  is  certain  that  we  could  not  fee  its  edge  M  N 
multiplied,  if  it  was  not  the  luminous  body  that 
makes  it  appear.  For  if  the  paper  MN  begins  to 
hide  the  incident  rays  VT,  which  fhew  the  breadth 
of  the  image  D  of  the  candle,  the  edge  of  the  pa¬ 
per,  which  will  appear  at  OP  will  hide  alfo  a 
part  of  this  image;  but  if  the  fame  edge  of  the 
paper  MN  hides  the  greateft  part  of  the  rays  SR, 
which  fhew  the  image  Q,  is  evident  that  only 
a  fmall  part  of  this  image  will  be  feen  as  at 
where  we  may  perceive  the  image  of  the  edge  ot 
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the  paper  that  hides  it,  which  one  could  not  per¬ 
ceive  without  the  light  which  appears  at 

I  am  now  to  demonflrate  how  the  multiplica¬ 
tion  of  the  objedt  is  made,  when  the  angle  of 
the  fedlion  of  the  glafs  is  turned  towards  the  lu¬ 
minous  objedt  \  but  after  what  has  been  faid  a- 
bove,  the  figure  may  be  fufficient  to  explain  what 
ought  to  happen. 

Let  ^  the  fedlion  of  the  glafs  therefore  be 
EDB,  of  which  let  the  concurrence  of  the  fur- 
faces  in  D  be  turned  towards  the  objedl  C,  and 
let  the  eye  be  placed  oppofite  towards  O.  Firft 
let  the  incident  ray  be  CA,  which  being  refradled 
in  the  glafs  at  AB,  in  going  into  it,  and  refradled 
again  at  BO  in  coming  out  of  it,  comes  to  the 
eye  O  *,  I  fay,  that  if  the  glafs  fhould  be  cut  in 
B,  and  the  part  BD  taken  away,  we  could  not 
then  fee  the  objedl  C. 

For  the  ray  AB  within  the  glafs,  being  more 
inclined  on  the  furface  DB  than  on  DAE,  the 
angle  ABO  will  be  lefs  obtufe  than  the  angle 
BAG  ;  wherefore  the  ray  CA  will  concur  with 
the  ray  OB  towards  O,  and  confequently  there 
can  be  no  diredl  ray  which  comes  from  the  objedt 
C  to  the  eye  O. 

But  it  is  as  evident,  that  all  the  rays  which  com¬ 
ing  from  the  luminous  objedl  C,  and  meeting  the 
furface  of  the  glafs  towards  E,  can  never  come  to 
the  eye,  which  we  fuppofe  placed  in  the  ray  BO, 
after  two  or  more  refledlions  in  the  glafs,  feeing 
they  will  be  always  more  and  more  inclined  to 
the  furface  DB, and  confequently  they  will  comeout 
of  the  glafs  in  parting  from  the  ray  BO.  The  rays 
therefore  which  fall  upon  AD  tov/ards  the  con¬ 
currence  of  the  furfaces  of  the  glafs,  will  be 

Fig.  6. 
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thofe  which  make  the  multiplication  of  the  oB- 
je6l. 

For  in  the  fecond  place,  let  the  incident  ray  be 
CR,  which  coming  from  the  luminous  objed;  C 
as  parallel  to  CA,  meets  the  furface  DA  in  R, 
the  refradled  ray  RN  will  therefore  be  alfo  as 
parallel  to  the  refra^led  ray  AB  ;  but  the  fefle6led 
ray  NM  will  be  more  inclined  to  the  furface  DA 
than  NR,  and  placed  counter  to  the  quantity  of 
the  angle  P  of  the  two  furfaces  of  the  glafs,  as  I 
have  demon {Irated  in  the  firft  cafe:'  wherefore  the 
refledfed  ray  MP  will  make  the  angle  EMP 
more  acute  then  the  angle  ERN  or  its  equal 
EAB  ;  therefore  the  ray  MP  in  coming  out  of  the 
glafs  by  PO  will  make  the  angle  XPO  more  acute 
than  XBO  ;  and  confequently  PO  may  meet  BO 
at  the  point  O,  where  the  eye  is  in  the  ray  BO. 

It  will  be  the  fame  thing  with  the  other  rays 
which  coming  alfo  from  the  obje6l,  may  meet 
the  eye  after  two  refractions  of  4  or  6  refledlions 
within  the  glafs,  which  it  is  not  worth  the  while 
to  explain  more  at  length. 

If  v/e  draw  a  paper  on  the  furface  of  the  glafs 
from  the  parpE  towards  A,  we  fhall  fee  that  the 
ftrongeft  image  formed  by  the  ray  CA  will  difap- 
pear  firfl:,  and  the  rcfl:  afterwards,  as  fafl:  as  the 
edge  of  the  paper  fhall  advance  towards  D ;  and 
we  fhall  fee  the  image  alfo  of  the  paper  multi¬ 
plied  as  in  the  preceding  cafe.  For  in  the  fime 
figure,  if  the  edge  of  the  paper  MN  covers  the 
greateft  part  of  the  fpace  SR,  which  compre¬ 
hends  the  rays  which  form  the  image  alfo  the 
imtoge  XY  of  the  edge  of  the  paper  will  appear  to 
hide  the  greateft  part  of  the  image  Qj)f  the  lu¬ 
minous  body.  And  if  the  fime  edge  of  the  pa¬ 
per  MN  in  the  fime  pofition  covers  alfo  a  great 
part  of  VT,  by  wlokk  the  rays  enter  that  form  the 

image 
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image  D,  we  (hall  fee  alfo  the  edge  of  the  paper 
reprefented  in  OP^  which  will  cover  a  part  of  the 
image  P,  which  is  eafy  to  underftand. 

By  means  of  this  multiplication  of  the  objedts, 
wc  may  know  the  different  thickneffes  of  a  piece 
of  looking- glafs  which  is  ufed  in  workingthe  great 
tdefcope  glaffes,  and  in  a  much  more  fare  and 
juft  manner,  than  by  all  the  meafures  that  can  be 
taken  for  it. 

But  to  make  this  explanation  more  complete, 
we  muft  ftill  examine  how  the  multiplication  of 
the  objedl  is  made,  when  it  is  placed  on  the  fame 
fide  with  the  eye^  with  regard  to  the  fame  fur- 
face  of  the  glafs. 

'  Every  body  knows,  that  when  we  look  at  a 
candle  placed  near  a  looking-glafs  which  has  been 
tinned,  the  eye  being  alfo  near  the  glafs,  we  fee 
the  image  of  the  candle  multiplied  feveral  times. 
It  is  very  eafy  to  fee  the  reafon  of  it  ;  for  the 
anterior  furface  of  the  glafs  refledts  the  firft  image, 
and  the  ocher  fends  back  the  fecond,  after  two 
refradlions  of  the  rays  in  coming  in  and  going  out 
of  the  glafs,  and  a  reflcdlion  on  the  tin.  But 
what  is  more  difficult  to  be  known,  is  the  reafon 
why  there  appear  more  than  two  images.  This 
experiment  and  its  explanation  ferve  no  doubt  for 
a  proof  of  what  I  have  already  advanced  concern¬ 
ing  the  luminous  rays  which  are  remedied  within 
the  glafs  in  meeting  its  furflices,  the/  they  are  not 
tinned.  It  is  e5fy  to  fee,  that  if  the  glais  is  tin¬ 
ned,  all  the  rays,  which  fliall  enter  the  glafs.,  can¬ 
not  go  out  of  it,  and  that  they  muft  all  be  refledl- 
ed,  and  confequently  the  image  which  fhall  be 
formed  by  this  refleciion  and  after  two  retradlions, 
will  be  much  more  vivid  than  that  which  is  made 
by  the  refledlion  alone  on  the  anterior  furface,  be- 
caufe  in  this  the  greateft  part  of  the  rays  having 
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penetrated  within  the  glafs,  cannot  meet  the  pupil 
of  the  eyedn  going  out,  if  the  rcfledled  only  have 
met  it,  and  efpecially  if  the  glafs  has  a  little  thick- 
nefs.  But  as  the  fame  thing  happens  to  a  glafs 
which  is  not  tinned,  as  to  one  that  is,  and  as  fome 
particular  obfervations  may  be  made  on  that 
which  is  not,  that  are  not  found  in  that  which  is, 

I  fhall  here  explain  only  what  happens  to  a  glafs 
which  is  not  tinned. 

As  the  different  images  of  the  fame  objedl:  may 
be  formed  by  rays  which  have  different  inclina¬ 
tions  to  the  eye,  thefe  rays  mufl  neceffarily  come 
from  different  parts  of  the  furface  of  the  glafs, 
which  cannot  be  without  the  firfl  incident  rays  of 
one  point  being  different  from  each  other,  we 
fuppofe  the  furfaces  of  the  glafs  to  be  planes, 
and  parallel  to  one  another  ;  and  thefe  different 
inclinations  of  the  rays  cannot  meet  the  pupil, 
which  is  as  a  point,  till  after  feveral  rededions 
within  the  glafs.  But  if  thefe  rays  which  come 
out  of  the  glafs,  are,  as  it  were,  parallel  to  each 
other,  which  happens  when  the  objed  is  far  enough 
from  the  eye,  and  the  glafs  is  of  equal  thicknefs, 
or  when  they  are  on  the  fame  plane,  which  be¬ 
ing  equally  inclined  on  each  fide  to  the  furfaces  of 
the  glafs,  and  pafling  thro’  the  eye  and  the  ob- 
jed,  makes  parallel  fedions,  it  is  evident,  as  I 
have  already  demonflrated,  that  the  rays  of  the 
fame  point  having  fuffered  feveral  refledions 
within  the  glafs,  cannot  meet  the  eye ;  there  will 
then  in  this  cafe  be  only  one  image  formed  by 
thefe  forts  of  rays.  But  if  in  the  fame  cafe  of 
parallel  furfaces,  the  objed  is  near  the  eye  and 
the  glafs,  there  may  fall  on  the  furface  of  the 
glafs  fome  rays  from  one  and  the  fame  point  of 
the  objed  differently  inclined  to  form  feveral 
images,  as  is  fliev^^n  by  experience. 
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If  the  glafs  is  of  unequal  thicknefs,  and  the 
right  lines  which  are  the  fe6lion  of  the  glafs  by  a 
plane  perpendicular  to  its  furfaces  paffing  thro’  the 
eye  and  the  obje<51:,  concur  on  both  fides,  we 
fliall  fee  feveral  images  of  the  objedt,  at  lead  if  it 
is  luminous,  and  in  the  night  ;  fince  at  whatfoever 
diftance  from  the  eye  the  objedl  is  placed,  there 
will  be  found  feveral  rays  which  coming  as  pa¬ 
rallels  from  the  fame  point  of  the  objedl,  and 
having  fuffered  feveral  refledlions  within  the  glafs, 
will  come  out  of  it  with  different  inclinations, 
which  will  form  different  images,  which  has  no 
need  to  be  explained  after  what  I  have  faid  already; 
and  thefe  images  will  be  found  fometimes  on  one 
fide,  fometimes  on  the  other,  with  regard  to  that 
which  is  made  by  one  fingle  refiedlion,  according 
as  the  angle  of  inclination  of  the  glafs  fliall  be 
either  towards  the  eye  or  towards  the  objedt. 

We  may  alfo  by  this  means  know  with  a  very 
great  exadlnefs,  whether  the  glalfes  polifhed  on 
both  fides  are  of  the  fame  thicknefs,  tho’  in  a 
very  fmall  fpace ;  which  it  would  not  be  poffible 
to  obferve  any  other  way.  For  if  we  obferve  on 
the  fur  face  of  a  glafs  the  image  of  a  bright  line 
in  the  dark,  or  of  a  black  line  in  the  light,  and 
if  it  is  at  a  pretty  confiderable  diftance,  and  if 
the  eye  and  the  objedl  are  on  the  fame  fide  of  the 
furface,  and  alfo  if  in  turning  the  piece  of  glafs 
different  ways,  we  fee  this  image  only  fingle,  in 
one  fingle  pofition,  we  may  be  fure  that  the  piece 
of  glafs  is  of  equal  thicknefs  according  to  the 
difpofition  of  the  bright  or  dark  line,  and  that  it 
is  of  unequal  thicknefs  every  other  way,  the 
greateft  angle  of  which  will  be  in  the  fedlion, 
which  fliall  cut  the  image  of  this  line  perpendi¬ 
cularly.  Alfo  in  every  other  pofition  of  the 
glafs  but  that  v/here  the  image  of  the  line  is  fingle, 
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it  will  be  feen  double  ;  and  they  will  appear  far^ 
ther  diftant  from  each  other,  when  they  lhall  cut 
at  right  angles  the  pofition  where  it  appeared 
fingle. 

It  will  alfo  be  obferved,  that  one  of  the  two 
images  of  the  line  appears  much  more  vivid  than 
the  other,  and  that  it  is  this  which  is  made  by  re¬ 
flexion,  becaufe  there  are  more  rays  that  come  to 
the  eye. 

It  will  not  therefore  be  difficult  to  know  by 
this  means,  what  place  of  the  glafs  will  be  the 
thickeft.  For  if  the  fainted  image  appears  to¬ 
wards  the  objeX,  I  fay,  that  the  part  oi  the  glafs 
which  is  turned  towards  the  objeX  is  the  thinned  ; 
and  if  the  fainted  image  is  towards  the  eye,  that 
part  of  the  glafs  will  alfo  be  the  thinned. 

For  if  the  objeX  is  ^  B,  and  the  eye  O,  and 
a  luminous  ray  BD  meeting  the  furface  of  the 
glafs  HE  in  D  is  refleXed  towards  the  eye  at  O, 
k  is  eafy  to  fee,  that  if  another  incident  ray  com¬ 
ing  alfo  from  the  point  B,  and  as  it  were  parallel 
to  BD,  meeting  the  furface  of  the  glafs  in  F,  is 
on  either  fide  of  D,  and  penetrating  on  the  infide 
to  K,  meets  the  other  furface  KI,  which  concurs 
towards  the  bird  in  M,  on  the  fide  of  the  objeX, 
the  greated  part  of  this  refraXed  ray  FK  will  go 
out  of  the  glafs  *,  and  a  very  fmall  part  only  being 
reBeXed  in  K,  will  return  towards  the  furface  HE 
in  H,  or  being  refraXed  in  HL,  it  can  never  meet 
the  eye  in  O.  For  the  ray  KH,  being  more  in¬ 
clined  to  the  furface  HE  than  the  ray  KF,  alfo 
the  ray  HL  will  be  more  inclined  to  the  fame 
iiirface  than  tlie  incident  ray  FB  ;  and  confe- 
quently  this  ray  FIL,  which  parts  more  and  more 
from  the  ray  DO,  can  never  meet  the  point  O, 

f  Fig.  7. 
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if  the  point  H  is  farther  from  the  top  of  the  angle 
M  than  the  point  D. 

It  will  not  be  the  fame  with  another  ray  as  BE, 
which  having  fuffered  a  refradlion  in  E,  a  reflec¬ 
tion  in  I,  and  a  fecond  refradlion  in  G,  comes 
out  at  the  point  G  between  D  and  M  ;  for  this 
ray  refracted  in  G  may  meet  the  eye  in  O,  becaufe 
the  inclination  HGO  is  always  greater  than  BEM, 
or  BDM,  or  ODH,  as  has  juft  been  demon- 
ftrated  ;  wherefore  the  fainteft  image  which  is 
formed  by  the  ray  OG,  which  has  fuffered  two 
refrad:ions  and  one  reflection,  will  appear  in  G 
towards  the  part  M,  which  is  the  thinned  of  the 
glafs. 

The  demonftration  will  be  the  fame,  if  the 
thinnefl:  part  of  the  glafs  is  turned  towards  the  eye. 

IV.  A  commodious  way  of  fubfiituting  the 
adlion  of  fire,  hifiead  of  the  force  of  men 
ajid  horfes  to  ??20vc  machines,  by  M.  Amoa- 
tons"^. 

Experiment  I.  Of  the  rarefaSlion  of  the  air  by 
the  heat  of  boiling  water. 

We  i"  immerged  in  a  kettle  full  of  water,  the 
balls  of  three  glafs  tubes  ACD,  ACD,  ACD,  of 
equal  length,  each  open  at  A,  bent  at  C,  and 
ending  in  a  ball  D  ;  the  capacities  of  the  balls 
were  to  each  other  as  the  numbers  i,  2,  3,  as 
well  as  thofe  of  the  tubes  AB,  which  befides  were 
pretty  narrow,  the  mean  one  being  but  half  a  line 
diameter  within  j  there  was  in  each  glafs  fome 
quick filver  from  the  entrance  E  of  the  balls  up  to 
B,  where  the  quickfilver  was  three  inches  higher 
than  at  E,  becaufe  the  air  of  which  the  balls  were 
*  June  20,  1699.  f  Plate  IV.  Fig.  i. 
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full,  having  found  no  out-let  when  the  quickfilver 
was  poured  in  by  the  apertures  A,  fuftained  it  by 
its  fpring,  and  hindered  it  from  going  down  to 
the  level  of  that  of  the  entrance  of  the  balls. 

The  whole  was  fet  on  the  fire,  and  the  quick- 
filver  at  B  rofe  equally  in  equal  times  in  all  the 
three  glaffes  *,  fo  that  when  the  water  began  to 
fimper,  it  was  9  inches  higher  than  B,  and  9  in¬ 
ches  10  lines,  when  it  boiled  out,  after  which  it 
entirely  ceafed  to  rife,  From  this  experiment  it 
follows : 

1.  That  the  heat  of  boiling  water  has  bounds 
which  it  cannot  pafs. 

2,  That  unequal  maffes  of  air  increafe  equally 
the  force  of  their  fpring  by  equal  degrees  of  heat, 
and  on  the  contrary. 

3,  That  the  heat  of  boiling  waterdoes  not  increafe 
the  force  of  the  fpring  of  the  air  any  more  than  to 
make  it  fuftain  the  weight  of  about  10  inches  in 
height  of  quickfilver,  or  1 1  feet  8  inches  of  wa¬ 
ter  more  than  the  weight  of  the  atmofphere 
For  the  quantity  by  which  the  air  diminifhes  its 
fpring  in  dilating  itfelf  to  replace  the  quickfilver 
which  rifes  from  B  to  F,  equals  alm.ofl  the  two 
lines  which  are  wanting  to  the  10  inches  in  this 
experiment. 

4.  That  if  the  air  has  the  liberty  of  extending 
itfelf,  being  preffed  only  by  the  weight  of  the 
atmofphere,  it  will  not  increafe  its  bulk  by  the 
heat  of  the  boiling  water  by  any  more  than  about 
I  of  its  mafs ;  for  according  to  M.  Mariotte^s  ex¬ 
periments,  the  air  making  an  equilibrium  by  its 
fpring  to  weights  proportioned  to  the  bulks,  to 
which  thefe  weights  are  reduced  by  their  prefTure, 
and  the  bulks  being  to  each  other  in  an  inverted 

*  T^he  height  of  ^ater  is  fuppojed  to  he  to  that  of  quickfl^veir 
as  I  to  14, 

ratio 


Royal  Academy  oJ  Sciences.'  71 

ratio  of  thefe  weights,  if  the  height  of  the  quick- 
filver  is  fuppofed  at  41  inches,  as  indeed  it  may 
be  in  this  experiment,  and  if  the  bulk  of  air  is  ex- 
prefled  by  the  number  3  *,  when  the  height  of  the 
quickfilver  lhall  be  no  more  than  3 1  inches,  the 
bulk  will  be  3  |f . 

But  as  the  weight  of  the  atmofphere  is  here  flip- 
pofed  equal  to  31  inches  of  quickfilver,  which  it 
really  is  not,  this  weight  being  hardly  equal  to  more 
than  28  inches  of  quickfilver,  the  fradlion  ought 
to  be  reckoned  as  an  integer  ;  becaufe  the  air 
lofing  the  force  of  its  fpring  lefs  when  it  is  but 
little  loaded,  than  when  it  is  more,  it  mufl  not 
augment  its  bulk  fo  much  to  reduce  itfelf  from 
thepreffure  of  41  inches  to  that  of  31  inches,  as 
it  muff  in  reducing  itfelf  from  the  prefTure  of  38 
inches  to  that  of  28  inches. 

5.  That  if  the  air,  being  ratified  by  the  heat  of 
the  boiling  water,  has  not  the  liberty  of  augment¬ 
ing  its  bulk  fo  far  as  to  be  j  bigger,  the  force  of 
its  fpring  will  always  be  equivalent  to  a  greater 
weight  than  that  of  the  atmofphere,  and  this 
weight  will  always  be  to  that  of  the  atmofphere 
in  an  inverted  ratio  to  that  of  the  bulks ;  and  if 
the  bulk  of  this  air  is  exprefled,  for  example,  by 
the  number  7,  and  the  height  of  the  quickfilver 
which  refills  the  force  of  its  fpring  is  41  inches ; 
when  this  bulk  fliall  be  augmented  by  7,  that  is, 
fhall  be  expreffed  by  the  number  8,  the  force  of 
the  fpring  of  the  air  will  be  equivalent  to  35I 
of  quickfilver,  and  what  it  has  loft  will  be  equi¬ 
valent  only  to  5  inches  ^  quickfilver,  or  5  feet 
1 1  inches  J  of  water,  and  only  5  feet  6  inches, 
6  lines,  the  calculation  being  made  upon  38  in¬ 
ches,  inftead  of  41  inches. 


Experiment 
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Experiment  IL 

Another  time  the  thermometer  being  almoft  at 
temperate  ;  we  immerged  in  cold  water  the  balls 
of  the  3  tubes  of  the  preceding  experiment,  and 
the  quickfilver  fell  but  to  about  a  line  below  B, 
in  the  glafs  which  had  the  biggeft  ball,  to  two 
lines  in  the  next,  and  to  three  in  the  leaft  ;  after 
which  it  left  falling  entirely  in  all  the  three  glafles  5 
they  were  afterwards  taken  out  of  the  water,  and 
the  quickfilver  continued  to  fall  about  a  line  in 
the  glafs  with  the  fmalleft  ball,  two  lines  in  the 
next,  and  about  three  lines  in  the  glafs  with  the 
biggeft  ball ;  fo  that  the  quickfilver  remained  for 
a  time  in  all  the  three  glafles  about  4  lines  lower 
than  B,  and  rofe  again  by  degrees  as  faft  as  the 
balls  dried. 

This. experiment  being  conformable  to  ano¬ 
ther  which  I  made  1 2  years  ago  in  Auguft^  when 
the  heats  are  very  great,  with  the  zymofimeter  5 
the  ball  of  which  was  immerged  in  cold  water, 
and  yet  the  air  did  not  diminilh  any  more  the 
force  of  its  fpring,  it  follows : 

1.  That  the  air  immerged  in  the  water  dimi- 
nifhes  the  force  of  its  fpring  only  in  fuftaining  but 
one  line  in  height  of  quickfilver  lefs  than  the  at- 
mofphere. 

2.  That  the  air  diminifhes  its  fpring  by  the 
coldnefs  of  the  water  in  proportion  to  its  bulk ; 
but  that  the  greateft  lofe  lefs  than  the  fmalleft. 

3.  That  the  water,  which  is  ready  to  evapo¬ 
rate,  diminifhes  the  force  of  the  fpring  of  the  air 
more  than  when  it  is  in  a  fufficient  quantity  to 
encompafs  it  on  all  fides,  which  is  confirmed  by 
this  other  experiment  of  the  zymofimeter  :  for 
having  immerged  the  ball  in  the  fpirit  of  wine, 
the  fpring  of  the  air  diminifhed  and  fuftained 

the- 
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the  Weight  of  4  ounces  in  height  of  water  lefs  than 
the  weight  of  the  armofphere  ;  being  withdrawn 
from  the  fpirit  of  wine,  it  ftill  diminifhed  fo  as 
to  fuftain  5  inches  of  water  lefs,  which  made  in 
all  9  inches  of  water  lefs  than  the  weight  of  the 
atmofphere  *,  being  put  again  into  the  fpirit  of 
wine,  the  fpring  of  the  air  increafed  the  5  inches 
which  it  had  loft  out  of  it ;  and  being  put  again 
Out  of  the  fpirit  of  wine,  it  loft  the  5  inches  again. 
This  experiment  v/as  made  at  the  fame  time  of 
the  year  with  that  mentioned  above,  that  is,  during 
the  heats  of  fummer. 

4.  That  this  fedind  diminution  of  the  force  of 
the  fpring  of  the  air  is  made  alfo  in  proportion 
to  its  bulk;  and  that  it  is  greater  in  the  biggeftj 
and  fmaller  in  the  leaft; 

y  '  '  !  i 

Experiment  III. 

We  caiifed  a  cube  to  be  conftfufled  'of  tin  * 
ABCD,  exadtly  clofe  on  all  fides,  and  divided 
equally  into  two,  by  the  feparatibn  EF  ;  the  lower 
part  EBCF  has  no  communication  With  the  upper 
AE  jFD  ;  but  by  the  tube  GH,  inclofed  in  a  big¬ 
ger  IL^  fiiut  at  L,  and  ftopped  and  foldered  at 
to  the  upper  part  of  the  cube.  MN  is  another 
tube,  which  penetrates  into  the  upper  part,  and 
reaches  near  the  bottom  EF,  and  is  foldered  to 
this  part  in  O,  and  ftopped  and  foldered  by  its 
extremity  N  to  a  little  bucket  or  referVoir  P; 
there  is  alfo  towards  A,  a  little  cock  to  give  air 
to  the  upper  part.  This  cock  being  opened,  we 
poured  Ibme  water  into  the  little  bucket  P,  this 
v/ater  defcended  by  the  canil  NM,  into  the  up¬ 
per  part  of  the  cube;  when  this  part  of  it  was 
quite  full,  we  ftmt  the  cock,  and  immerged  for  6 
feconds  the  lower  part  of  the  cube  in  boiling  wa« 

*  Plate  IV.  Fig  2. 

VoL  L  N^.  2,  K  ter-j 
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ter,  and  a  confiderable  part  of  the  water  contained 
in  the  upper  part  of  the  cube  being  driven  by  the 
force  of  the  fpring  of  the  air,  rofe  with  precipi¬ 
tation  into  the  bucket  P.  At  the  end  of  6  fe- 
conds,  having  taken  it  out  of  the  boiling  water, 
the  water  of  the  bucket  began  to  go  down  again  ; 
but  in  the  fpace  of  300  feconds,  it  was  not  yet 
reduced  to  the  ftate  in  which  it  was  before.  We 
afterwards  put  this  lower  part  into  cold  water  to 
finifh  the  reducing  of  the  air  to  its  firft  bulk,  after 
which  we  put  it  into  boiling  water  during  6  fe¬ 
conds  more,  and  the  water  rofe  again,  as  before, 
into  the  bucket  P;  after  which  it  was  immerged 
into  cold  water,  and  the  air  refumed  its  former 
bulk  in  18  or  20  feconds,  which  was  repeated 
feveral  times ;  and  very  near  the  fame  thing  hap¬ 
pened  always,  whether  this  lower  part  of  the  cube 
was  always  kept  during  18  or  20  feconds  in  cold 
water,  or  whether  after  having  been  dipped  in 
it,  it  was  taken  into  the  air.  It  follows  from  this 
experiment : 

1 .  That  the  hard  bodies  which  are  not  very 
thick,  as  tin,  receive  very  readily  the  heat  of  the 
boiling  water. 

2.  That  it  is  not  always  the  cold  alone  of  the 
medium  that  dellroys  the  adlion  of  the  heat,  feeing 
by  the  preceding  experiments,  the  air  and  the 
water  are  of  almofl  the  fame  temperature. 

3.  That  thefe  thin  bodies  are  three  or  four  times 
as  long  in  lofing  in  the  cold  water  the  heat  received 
in  the  boiling  water,  as  they  were  in  receiving  it. 

I  cal]  that  water  cold,  which  is  almofl  of  equal 
temperature  with  the  air. 

Experiment  IV. 

In  the  preceding  experiment,  the  tubes  NMGH 
were  but  a  foot  in  height,  but  afterwards  they 

were 
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were  prolonged  to  eight ;  and  having  repeated 
the  fame  experiments,  they  produced  the  fame 
effcdt  again,  excepting  that  the  water  did  not  rife 
in  altogether  fo  large  a  quantity,  which  muft  ne- 
ceffarily  happen,  becaufe  of  the  greater  height  or 
load  of  water,  which  by  its  weight  oppofed  the 
dilatation  of  the  bulk  of  air  inclofed  in  the  lower 
part  of  the  cube. 

After  this,  we  put  the  part  BC  upon  burning 
coals,  which  made  the  water  rife  into  the  bucket 
P,  juft  as  the  boiling  water  had  done,  but  it  did 
not  rife  fo  quickly,  becaufe  the  heat  was  imme¬ 
diately  applied  only  to  the  bottom  BC,  whereas  in 
the  boiling  water  it  was  immediately  applied  to 
the  four  fides  BE,  BF,  FC,  CE,  which  made  to¬ 
gether  a  double  furface  BC.  AVe  could  not  therefore 
well  obferve  the  time  which  the  water  took  in 
rifing  into  the  bucket  P,  becaufe  we  were  not 
careful  enough,  that  the  folder  fhould  not  melt, 
which  happened  at  laft,  but  the  water  was  then  in 
,  the  bucket,  at  leaft  as  high  as  it  had  been  by  the 
effedt  of  the  boiling  water,  and  would  have  rifen 
higher  without  it. 

It  follows  from  this  experiment,  that  we  may, 
by  the  heat  of  fire  applied  immediately  to  the 
capacity  which  inclofes  the  air,  increafe  the  force 
of  its  fpring  much  more  confiderably  than  by 
boiling  water,  provided  what  inclofes  the  air  is 
able  to  refill  the  adlion  of  the  fire ;  and  that  effecSt 
of  it  is  fo  much  more  quick,  as  the  adf  ion  is  made 
in  a  greater  extent. 


Experiment  V. 

Five  men  were  applied  to  the  motion  of  a  ma¬ 
chine,  who  in  pulhing  by  the  levers  to  which 
horfes  are  ufed  to  be  faftened,  employed  their 
whole  force  to  make  it  move. 

K  2  '  Suppofing 
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Suppofing  the  force  of  each  man  to  be  loolK 
the  total  is  1000  lb. 

Horles  were  afterwards  put  to  work  at  this 
machine,  they  laboured  for  three  months  and 
tho’  4  horfes  were  put  to  at  a  time,  and  they  were 
relieved  every  three  hours,  and  afterwards  every 
hour  and  half,  fo  that  each  horfe  laboured  but  6 
hours  in  24,  and  went  all  this  time  no  more  than 
about  6  leagues,  yet  they  were  not  able  to  under¬ 
go  this  fatigue,  and  died  under  it. 

From  this  experiment  it  follows,  that  to  con¬ 
tinue  a  like  labour  night  and  day,  there  was  need 
of  16  horfes  ;  and  that  we  cannot  reckon  that  a 
a  horfe  fupplies  the  place  of  a  continual  power  of 
60  lb.  making  one  league  an  hour. 

Experiment  VI. 

The  \yorkmen  who  polifn  glafles,  to  prefs  their 
polilhers  make  ufe  of  an  arrow  or  bow  of  wood, 
one  of  the  ends  of  Vv^hich  being  rounded  refts  upon 
the  middle  of  the  polilher  ;  and  the  other,  which 
is  an  iron  point,  prefles  againft  a  ftrong  oaken 
plank  retted  upon  their  work  :  the  fimplicity  of 
'this  machine  caufes  the  whole  force  of  the  work¬ 
man  to  be  folely  employed  in  difpatching  his 
work.  The  polidiers  mofl  commonly  ufed  are 
of  three  bignelTes,  and  require  three  different 
degrees  of  ftrength,  of  which  the  mean  quantity 
is  about  25  lb.  now  thefe  operators  ufiially  begin 
their  work  at  5  in  the  morning,  and  finifh  it  at  7 
in  the  evening,  taking  two  hours  at  three  times 
for  their  meals ;  fo  that  in  24  hours  they  regularly 
work  1 2,  interrupted  every  3  hours  by  their 
meals  ;  the  flight  of  their  arrow,  or  the  way  that 
their  polifher  makes  every  time  they  pufh  it,  or 
draw  it  back,  is  ufually  a  foot  and  half,  and  the 
time  employed  at  each  flight  half  a  fecond  ,  but  as 

they 
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|hey  ftop  from  time  to  time  to  look  at  their  work, 
and  to  brufh  their  polifliers,  and  befides  as  they 
employ  fonie  time  in  turning  tneir  glaffes,  about 
^  of  the  time  is  to  be  fubilra(5l'ed  from  their  work, 
fo  that  out  of  the  1  ?,  hours  we  can  hardly  reckon 
above  10,  during  which  their  labour  is  equivalent 
to  the  continual  elevation  of  a  burthen  of  25/^. 
at  3  feet  in  a  fecond. 

It  follows  from  this  experiment :  that  to  keep 
up  a  like  labour  for  24  hours  would  require  two 
men  *,  and  therefore  that  a  Tingle  man  is  in  lieu 
only  of  a  continual  weight  of  12  lb.  I,  making  ^ 
of  a  league  an  hour ;  that  is,  about  \  part  of  the 
labour  of  a  horfe. 

The  following  experiments  were  made  with 
poHfhers  of  different  bigneffes,  preffed  by  ar¬ 
rows  of  different  forces. 

A  poliflier  6  inches  in  furface  preffed  by  28  lb. 
was  drawn  by  23  in  its  fort,  that  is,  when  the 
arrow  was  plumb,  or  in  the  middle  of  its  flight, 
and  by  20  lb.  in  its  feeble. 

The  fame  preffed  by  30/^.  was  drawn  by  26  lb, 
in  its  feeble. 

Another  polifher  1 1  inches  in  furface,  preffed 
by  28  lb.  was  drawn  by  2  5  lb.  in  its  fort,  and  by 
23  lb.  in  its  feeble. 

Another  polifher  24  inches  in  furface,  preffed 
by  28  lb.  was  drawn  by  25  lb.  in  its  fort,  and  by 
23  lb.  in  its  feeble. 

The  fame  loaded  with  30  lb.  was  drawn  by 
28  lb.  in  its  fort,  and  by  2^  lb.  in  its  feeble. 

Frora  thefe  experiments  we  may  obferve,  by 
the  by,  that  it  is  an  error  to  think,  that  the  fric¬ 
tions  in  machines  increafe  or  diminifh  in  propor¬ 
tion,  as  the  parts  which  rub  are  more  or  lefs  ex¬ 
tended  j  and  that  the  wheels,  for  example  of  a 
mill  turn  fo  much  the  more  eafily  as  the  gudgeons 
2  are 
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are  fliorter,  which  befides  is  a  faulty  conftru6lion, 
becaufe  they  continually  eat  the  boxes,  in  which 
they  turn.  But  that  thefe  fridlions  augment  or 
diminilh  in  proportion  to  the  burthens  which  arc 
moved,  and  to  the  ratio  of  the  length  of  the 
levers,  which  ferve  to  move  them,  to  the  length 
of  thofe  by  which  they  are  fupported. 

Problem, 

Any  number  of  equal  weights  being  given  * 
B,  G,  H,  I,  L,  on  the  femicircumference  of  a 
vertical  wheel,  from  the  plumb  line  which  palTes 
thro*  the  centre  of  the  wheel,  to  find  the  refifting 
force,  which  being  applied  to  the  circumference 
of  the  wheel,  fhall  make  an  equilihrimn  to  the 
given  weights. 

^he  Jolution  demonjirated. 

Let  the  horizontal  diameter  be  AB,  becaufe 
of  the  equal  rays  AC,  CB,  an  equal  weight  to  B, 
being  applied  at  A,  will  make  an  e^uilihrhm 
to  the  weight  B. 

Befides,  the  weights  which  hang  at  the  extre¬ 
mities  of  a  balance  being  between  them,  as  is 
demonftrated  in  the  mechanicks,  in  a  reciprocal 
ratio  of  their  diftance  to  the  point  of  l^pport,  a 
weight  which  fhall  be  at  the  weight  B^  as  CD, 
equal  to  the  right  fine  of  the  angle  GCL,  to  the 
ray  CB,  will  make  an  equilibrium  to  the  weight  G. 

By  the  fame  reafon  a  weight  which  fhall  be  to 
the  weight  B,  as  CE  to  CB,  will  make  an  equi¬ 
librium  to  the  weight  H  ;  another  weight  which 
fhall  be  to  B,  as  CF  to  CB,  will  make  an  equi¬ 
librium  to  the  weight  I,  and  fo  of  the  reft  in  any 
quantity  whatfoever ;  if  the  weight  L,  being  in 
the  plumb  line,  has  no  need  of  any  weight  in  A, 

*  Plate  IV.  Fig.  3. 
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to  make  an  equilil^rium  to  it.  Now  as  in  what- 
foever  place  of  the  circumference  of  the  wheel  the 
refilling  force  is  applied,  it  is  always  thought  to 
ad’  by  the  diredion  of  a  tangent  to  the  extremity 
of  a  ray  equal  to  AC,  it  follows,  that  the  refill¬ 
ing  force,  or  the  fum  of  the  weights  which  being 
applied  at  A,  make  the  equilibrium  to  the  given 
weights  is  to  thefe  fame  weights  as  the  fum  ot 
the  right  fines  of  the  angles,  by  which  thefi 
weights  are  removed  from  the  plumb  of  the  cen¬ 
tre  of  the  wheel,  to  the  total  fine  multiplied  by 
the  number  of  the  weights.  Q^E.  D. 

A  defcription  of  the  commodious  zvay  of  making 
ife  of  fire  to  move  machines. 

All  that  is  faid  above  being  fuppoled,  if  * 
A,  B,  C,  D,  E,  F,  and  i,  2,  3,  4,  5,  6,  d?. 
are  two  circular  and  concentric  ranges  of  cells 
difpofed  about  a  horizontal  and  moveable  axis 
G,  and  exadly  clofed  on  all  lides,  excepting 
that  each  of  the  cells  A,  B,  C,  D,  E,  F,  .  may 
communicate  with  each  of  the  cells,  1,2,3, 4, 5,6, 
by  means  of  the  tubes,  HI,  LM,  NO,  PQ, 
RS,TV,C?.  and  that  the  cells  i,  2,  3,  4,  5, 
have  communication  with  each  other  by  the  valves 
7,  8,  9,  10,  II,  12,  Cf.  which  are  all  placed  and 
open  the  fime  way,  fo  that  they  permit  the  wa¬ 
ter  to  enter  oyt  of  the  lirll  into  the  fecond  cell, 
out  of  the  fecond  into  the  third,  and  fo  on  to  the 
lall,  and  again  from  this  lafc  to  the  lirll ;  but 
rcfufe  it  entrance  the  contrary  way. 

If  moreover  the  cells  A,  B,  C,  D,  E,  F, 
have  no  communication  diredly  with  one  another, 
and  2  of  the  cells  i,  2,  3,  4,  .  have  2  aper¬ 

tures,  as  X,  T,  by  which  they  have  been  filled 
with  water,  and  thefe  apertures  have  afterwards 

*  Plate  IV.  Fig.  4. 
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been  clofed  exa6lly,  if  the  capacity  of  each  of 
thefe  cells,  i,  2,  3,  4,  5,  6,  i^  near  7  of 
that  of  the  cells  A,  B,  C,  D,  E,  F,  and  rf 
the  refilling  force  is  fuppofed  to  make  an  equi¬ 
librium  With  the  v/ater  of  the  cells,  i,  2  ;  if  laftly 
we  apply  at  BB,  the  flame  coming  our  of  the 
furnace  A  A,  driven  by  the  air  which  enters  by. 
the  grate  ot  the  furnace,  and  if  the  bottom  of 
the  barrel  made  of  the  cells  ABCDEF,. 
dips  in  the  cold  water  of  the  refervoir^  Csf.  I 
fay : 

1.  That  the  air  of  the  cell  B^  will  inereafe  its' 
fpring  fufficiently  to  fuftain  not  only  the  height  of 
water  but  alfo  to  make  the  water  pafs  out 
of  the  cell  i  into  the  ceil  3,  if  this  height  It  is 
but  near  5  feet* 

2.  That  the  weight  of  this  Water  will  make 
all  this  conftruftion  turn  the  way  BAF,  about 
the  centre  G,  if  the  refifting  force  is  lefs  than  this 
weight. 

3.  That  as  fall  as  by  the  motion  about  the 

centre  G,  the  water  in  T,  aims  to  defcend,  new 
cells  prefent  themfclves  at  BB,  and  new  air  aug¬ 
ments  its  fpring  to  repel  it,  and  fuftain  it  at  the 
fufficient  height,  that  its  weight  may  be  continually 
fuperior  to  the  refifting  force  j  during  which  the 
air  that  had  been  dilated  refumes  its  former  bulk,’ 
as  faft  as  the  cells  which  contain  it,  pafs  thro’  the 
water  of  the  back,  and  from  thence 

thro’  the  air,  where  it  ceafes  to  reduce  itfelf,  to 
be  anew  dilated  every  time  thefe  cells  return  to 
BB ;  for  by  the  firft  and  fourth  experiment^  the 
air  increafes  its  fpring  by  a  quantity  equivalent  tof 
a  load  of  1 1  feet  8  inches  in  height  of  water  : 
Now  of  thefe  1 1  feet  8  inches,  according  to  M. 
Mariotteh  rule  for  the  prelTure  of  the  air,  there 
are  but  10  inches  and  ~  employed  in  the  preffure 
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hecefTary  to  make  place  for  the  augmentation  of 
the  bulks  of  air,  dilated  by  the  heat  of  the  fire, 
which  added  to  5  feet  6  inches  f,  which  this 
augmentation  makes  the  fpring  of  the  dilated  air 
to  fofe,  by  Exp.  I.  Cor.  5.  make  in  all  6  feet,  4 
inches,  10  linesj  which  being  taken  from  11  feet, 
8  inches,  there  remain  5  feet,  3  inches,  2  lines 
in  height,  to  which  the  fpring  of  the  air  dilated 
l3y  a  heat  equal  to  that  of  boiling  water  can  fuf- 
tain  the  water  in  Y, 

Now  by  the  preceding  problem^  the  refifting 
force  being  applied  in  any  place  of  the  circumfe¬ 
rence,  which  pafles  thro’  the  middle  of  the  cells 
I,  2,  3,  4,  5,  6,  C?.  is  to  the  weight  of  this  wa¬ 
ter,  almoil  as  ii  to  14;  and  if  this  weight  is 
12000,  this  refifting  force  will  be  9428^.  Novv* 
in  allowing  12  feet  of  diameter  to  the  barrel 
tnade  of  the  cells  1,2,  3,  4,  5,  6^  to  a  like 
length  of  1 2  feet,  and  2  feet  of  depth  taken  on 
the  fide  of  the  centre  of  the  v/heel,  thefe  cells 
contain  a  fpace  of  754  cubical  feet  f  of  which 
is  i88f,  which  being  multiplied  by  70  Ih.  weight 
of  a  cubical  foot  of  water,  make  13200//^.  But 
as  in  machines  the  moving  force  ought  to  be  fu- 
perior  to  the  refifting  force^  there  is  al¬ 

ways  fome  fricftion  to  farmount^  l^e  1200  /^, 
rhuft  be  counted  for  that ;  fo  that  [4^  effed;  of 
this  motion  may  be  reputed  9428^,  which  would 
be  equivalent  at  leaft  by  Exp,Y.  to  the  force 
of  157  horfes,  if  the  refifting  force  made  a  league 
of  way  in  an  hour  5  but  as  to  do  this,  the  con- 
ftrudtion  had  need  to  make  400  revolutions  in 
an  hour^  that  is,  employ  but  9  feconds  in  each, 
whereas  by  Exp,  III.  it  cannot  employ  lefs  than 
36,  it  follows  that  this  mean  would  at  leaft  be  in- 
ftead  of  39  horfes,  or  of  234  men,  by  Exp,  Vlf 
which  fuppofes  the  degree  of  heat,  equal  to  that 
VoL.  I.  N“3.  L  of 
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of  boiling  water,  for  otherwife  the  effedt  would 
become  fo  much  more  confiderable,  as  this  de¬ 
gree  of  heat  would  be  greater;  and  the  profit  in 
making  ufe  of  this  fort  of  fire-mill,  would  be  fo 
much  the  more  confiderable,  as  the  price  of 
wood  would  be  lefs  than  that  of  labour ;  and  be- 
fides  the  furnaces  might  be  alfo  applied  to  other 
purpofes,  as  vitrifications,  founding  of  metals, 
and  other  chymical  operations,  or  mechanical 
works,  that  demand  the  afliftance  of  fire. 

I  fliall  not  enter  into  a  farther  detail  of  the 
conftru^lion  of  this  machine,  only  I  fhall  juft 
mention,  that  it  would  be  proper  to  make  the 
cells  which  contain  the  air  of  great  plates  of  cop¬ 
per  rivetted  and  luted  ;  and  that  all  the  reft,  ex¬ 
cept  the  tubes  of  communication,  may  be  of 
wood. 

The  advantages  of  this  way  are  t 

T .  That  we  can  ftop  and  refume  the  labour  at 
pleafure,  without  being  encumbered  with  the  care 
and  feeding  of  the  horfes,  and  without  being 
fubjedled  to  the  danger  of  lofing  tliem. 

2.  That  we  have  always  an  equal  and  uninter¬ 
rupted  power,  when  we  pleafe,  which  cannot  be 
had  in  windftnills  and  water-mills,  the  firft  being 
often  ftopp¥^  for  want  of  wind,  and  the  others 
by  the  iceJifrJd  inundations  of  the  water. 

g.  That  we  are  not  confined  to  any  placesi 
becaufe  combuftible  materials  are  found  almoft 
every  where. 

^be  defeription  of  Fig,  4. 

The  fire  at  BB  dilates  the  air  inclofed  in  A, 
and  making  it  pafs  thro^  the  canal  HI,  prefling 
the  furface  of  the  water  in  makes  the  valve  or 
fucker  18  clofe  itfelf,  and  the  valves,  7,  8,  and  9 
open  to  let  the  water  rife  towards  Y,  and  charge 

%  this 


Royal  Aqademy  of  Sciences. 

this  fide,  which  makes  the  wheel  move  on  its 
centre  G,  and  the  cell  B  fucceed  the  cell  A, 
whilft  this  laft  enters  the  water,  £5?.  to  make  the 
air  which  it  contains  return  to  its  firft  ftate. 

And  it  has  been  demonftrated,  that  in  making 
Q.  19  of  8  feet,  20,  21  of  12,  22  of  18 
and  23,  24  of  30,  the  whole  on  a  depth  of  12 
feet,  and  that  the  heat  at  BB  is  equal  to  that  of 
boiling  water  ;  it  will  anfwer  to  39  horfes. 

V.  defcrlption  of  a  level  which  is  ufed  by 
M,  Couplet,  more  exaB  in  this  fecond 
edition,  ^ 

This  level  f  is  compofed  of  a  telefcope  AB> 
of  2  veflfels  CD,  joined  together  by  one  or  two 
tubes  0  Oy  which  I  call  ^the  canal ;  of  2  other 
veflfels  0  0  called  callebaffes^  becaufe  they 

carry  the  telefcope,  and  float  in  the  water  with 
which  this  canal  is  filled.  The  telefcope  is  2  feeit 
8  inches  Tong;  its  tube  fhould  be  of  tin,  t  ho’ the 
reft  is  made  of  copper:  in  one  end  A  of  this  tube, 
as  in  all  the  other  tubes  of  telefcopes,  the  objedt 
glafs  is  placed  ;  and  in  the  other  end  3  eye  glaflfes 
are  placed,  if  we  would  have  the  telefcope  confift 
of  4  lens’s.  One  cye-glals  alone  would  be  fuffi- 
cient  here,  becaufe  it  does  not  fignify  whether 
the  obje(ft  is  inverted  or  not.  The  opticians 
ufually  put  the  3  eye-glaflfes  into  little  fcrew-boxes, 
which  they  glue  and  fit  in  a  tube  of  paftboard 
called  porte  oculairCy  and  they  pufii  it  into  the  end 
B  of  the  telefcope. 

However  the  telefcope  of  the  level  differs  from 
the  others  only  in  having  a  bar  on  the  infide, 
which  traverfes  it  diametrically  and  horizontally. 
II  This  bar  is  nothing  but  a  hair  ftretched  in  fucl^ 
a  place  r,  that  he  who  looks  thro*  the  telefcope 
*  June  zy.  1699.  f  Plate  V.  Fig.  i.  jj  Fig.  a*, 
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fees  it  very  plainly  on  the  objeds  to  which  he 
points  it. 

This  hair  is  ftretched  in  the  middle  of  a  ring 
or  crown  of  tin  4,  the  greateft  diameter  of  which 
is  equal  to  that  of  the  eye-glafles  of  the  telefcopc, 
that  it  may  be  put  into  a  fere w- box  as  each  eye- 
glafs.  On  the  edge  of  this  crown  arc  made  two 
little  incifions,  which  are  covered  with  fome  drops 
of  wax,  after  having  twilled  the  ends  of  the  hair. 

But  becaufe  we  muft  fometimes  turn  and  return 
port e-ocul air eK.0  place  the  horizontal  hair,  and 
this  turning  would  divide  or*  unglue  the  boxes  5,  J 
put  this  porte-oculaire  into  one  end  of  a  tin  tube 
6,  which  I  call  foureau  du  porte-oculaire  ;  and  at 
the  end  of  this  foureau^  I  folder  a  fort  of  funnel 
which  may  be  fqueezed  to  turn  the  porte-oculaire 
juft  as  one  will  *,  and  I  put  four em  with  the 

porte-oculaire  in  the  end  B  of  the  telefcope. 

It  is  eafy  to  conclude,  that  the  end  B  of  the  te¬ 
lefcope  is  much  heavier  than  the  end  A  ;  to  Coun¬ 
terbalance  this  greater  weight,  a  leaden  ring  is 
foldered  at  the  end  A. 

At  ^  CD  is  a  vertical  fedbion  of  the  two  veflels 
t  CD.  Thefe  veflels,  a  little  above  the  middle 
of  each  of  their  fquare  faces,  have  points  entering 
within,  about  a  line,  and  a  little  foftened  *,  the 
water,  with  which  thefe  veflels  are  filled,  has  a 
communication  with  both  of  them  by  two  tubes 
too,  the  ends  of  which  are  foldered  above  the 
joining  of  their  fquare  parts  with  their  truncated 
pyramidal  parts :  one  tube  might  fuflice,  but  two 
maintain  thefe  vefTels  better. 

The  caiebafles  [|  oh,  oc,  in  their  cylindrical 
part,  are  Jefs  by  three  or  four  lines  than  each  fide 
of  the  fquares  CD,  that  they  may  float  at  liberty 
between  the  points  of  each  of  thefe  veflels.  Their 

*  Fig.  3.  t  Fig.  2.  t  fig-  3*  II 
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height,  to  the  edge  of  their  lid,  (which  muft  be  a 
very  flat  dome,  without  being  enough  lb  to  fee 
the  water  reft  upon  it)  is  lefs  by  about  two  inches 
than  the  depth  of  the  veflTels  CD  :  thefe  calebaf- 
fes  muft  be  fo  well  foldered,  that  not  a  drop  of 
water  can  get  into  them  and  to  be  fure  of  this 
abfolutely  neceflary  condition,  they  muft  be  tinned 
on  the  inflde  before  they  are  covered  with  their 
domes. 

When  they  are  covered,  the  canal  is  filled  with 
water ;  they  are  put  in  *,  and  to  make  them  float 
even,  fome  lead  muft  be  drop’d  thro’  a  little  hole 
in  their  domes,  and  then  thefe  holes  muft  beclofed 
with  wax.  I  have  chofen  this  fort  of  ballaft, 
becaufe  notwithftanding  any  bruife,  or  other  acci¬ 
dent  that  might  happen  to  thefe  calebafles,  they 
might  be  made  to  float  always  even  by  fliaking 
them,  to  make  the  too  great  quantity  of  lead  on 
one  fide  roll  to  the  other,  which  could  not  be 
done,  if  they  were  charged  with  any  liquor.  If 
they  were  found  from  any  flight  caufes  to  leave 
Poating  even,  they  might  be  immerged  deeper  by 
dropping  in  more  lead. 

The  tube  of  the  telefcope  AB,  which  is  placed 
on  the  domes  of  the  calebalTes,  muft  be,  as  we 
have  faid,  of  tin,  which  is  much  lighter  than  cop¬ 
per,  to  have  their  greateft  weight  below  the  centre 
of  gravity  of  thefe  calebafles ;  and  thereby  to  ren¬ 
der  them  more  capable  of  refifting  what  would 
hinder  them  from  floating  even. 

To  feat  the  tube  of  the  telefcope  on  the  domes 
oh^  DC  of  the  calebafles,  you  muft  endeavour  to 
hold  it  there  for  a  moment,  whilft  you  mark  the 
place  where  the  hooks  are  to  be  foldered,  as  may 
be  feen  under  A,  B,  and  better  in*  8.  Thefe 
hooks  have  an  opening  of  about  a  line,  which  is 

*  f’ig*  7-. 
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prolonged  to  fome  lines  near  the  domes  5  and  it 
is  near  the  foldering  of  thefe  hooks  upon  the 
domes  that  the  holes  are,  by  which  thefe  cale- 
ba fifes  are  filled. 

The  hooks  being  foldered,  the  telefcope  being 
put  in,  its  end  B  being  fet  as  far  diftant  from  the 
end  of  the  canal  as  is  necefifary  to  put  the  eye  to  the 
eye-glafs  of  this  telefcope,  and  having  obferved 
that  this  pofition  of  the  telefcope  does  not  hinder 
the  calebalfes  from  floating  even  and  very  freely 
among  the  four  entering  points,  there  are  made 
thro’  the  flits  of  thefe  hooks  four  repairs  on  the 
tube  of  the  telefcope  ;  on  thefe  repairs  are  foldered 
wings  ^  7,  filed  and  adjufted  in  fuch  a  manner, 
that  they  may  enter  freely  to  the  very  bottom  of 
the  flits  of  the  hooks,  and  bear  the  telefcope 
equally  to  fome  lines  above  the  bottom  of  thefe 
hooks.  Thefe  four  wings  are  formed  with  a 
lharp  bottom,  and  the  bottom  of  the  four  flits  is 
fmoothed  with  a  fine-toothed  file :  thefe  wings 
ferve  to  hold  the  telefcope  in  the  fame  pofition  on 
the  calebafiTes. 

M  -f  is  the  fedlion  of  a  portion  of  a  fphere  taken 
in  a  trunk  of  afli,  or  other  proper  wood.  Under 
this  portion  of  a  fphere,  or  in  the  fe(fl:ion  repre- 
fented  by  0^  />,  the  diameter  of  which  fliould 
not  exceed  the  height  ofithe  canal,  three  branches 
of  wrought  iron  are  faflened  together,  having  at 
each  of  their  ends  a  hinge  and  a  fere w ;  thefe  ferews 
/>,  0^  enter  into  three  fockets  at  the  ends  of 
the  three  fupporters  of  the  fphere  M,  As  for  the 
other  ends,  there  is  no  neceflTity  that  they  Ihould 
be  fere  wed. 

This  pedeftal  being  placed  almoft  horizontally, 
which  is  done  by  moving  one  of  the  legs  nearer 
or  farther  off,  the  fupport  ||  ESF  of  the  canal  is 

♦  Fig.  3.  t  Fig.  6.  11  Fig.  4. 
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to  be  placed  upon  them.  It  was  at  firft  a  plank 
about  two  inches  thick,  equal  in  breadth  to  the 
diameter  of  the  portion  of  the  fphere  M ;  its  plan 
ESF,  and  its  profile  *  Gr  K/H  Ihew  how  this 
plank  has  been  finilhed  by  hollowing  the  fquares 
"t*  E,  F,  or  11  G,  H,  for  the  veflels  **  C,  D  to  go 
exa<5fly  in,  up  to  0^  0,  The  fides  of  thefe  fquares, 
which  are  at  the  two  ends  of  the  fupport,  arc  only 
locked  with  an  iron  ring,  put  about  the  ends  of 
the  fupport,  not  fo  niuch  to  ftrengthen  thefe  ends, 
as  to  keep  the  fupport  from  being  longer  ^an  the 
canal  which  it  bears.  This  profile  fhews  alfo, 
that  this  fupport  is  rendered  (lighter,  by  making 
in  its  thicknefs  a  cavity  r,  K,  /,  fo  deep,  that 
only  the  edge  r,  /,  of  its  circumference  rubs  a- 
gainft  the  convexity  of  the  portion  of  a  fphere  fi" 
M,  that  it  may  not  have  any  more  fridlions  to 
overcome,  when  the  inftrument  (hall  be  turned  to 
cither  fide  upon  this  fupport;  there  are  other 
parts  of  this  fupport  fcooped  away  alfo  from  t  G 
to  r,  and  from  /,  to  H,  to  give  it  the  better 
play. 

Before  the  three  branches  of  iron  ||*  0^  p,  are 
faftened  under  the  portion  of  a  fphere  M,  it  is 
traverfed  by  a  great  iron  pin  long  enough  to  go 
thro*  the  thicknefs  of  the  fupport, and  the  hole 
K  or  Oil  S  is  made  larger  than  is  neceffary  for  the 
thicknefs  of  this  pin,  that  the  fupport  may  be 
drawn  to  either  fide  on  its  pedeftal  *t  M,  to  hin¬ 
der  the  water,  with  which  the  canal  is  filled,  from 
being  fpilt  over  either  of  its  fides. 

^  The  inftrument  is  then  prepared  in  a  convex 
nient  place  to  difeover  feveral  very  diftant  objedls, 

*  F'lg-  5.  t  Fig.  4.  II  Fig.  5.  **  Fig.  I. 
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but  not  fo  far  off  that  we  cannot  well  diflinguidt 
whether  the  hair  in  the  telefcope  refts  upon  the 
top  *  5  of  fome  building,  upon  the  funnel  7  of 
fome  chimney,  upon  fome  crowning  of  a  work 
8  ;  or  laftly,  upon  fome  elevation  well  limited 
and  diflinguifhed  ;  for  wherefoever  the  hair  refts, 
it  has  always  little  vibrations,  which  leave  a  little 
thread  of  light  between  it  and  the  greateft  height 
of  the  objedfs  to  which  it  is  pointed,  whereby  we  may 
judge  the  better  whether  the  hair  exadlly  reft  up¬ 
on  them.  Thefe  objects  thus  chofen  are  fo  much 
the  more  necelTary,  as  a  hair  which  is  but  of 
a  line  in  thicknefs  covers  about  a  foot  of  the  ob¬ 
ject,  which  is  near  3000  toifes  from  the  obferver. 

To  fee  whether  the  hair  conftantly  touches  the 
fame  objed,  its  reft  is  interrupted  by  gently  ftiak- 
ing  the  canal,  and  obferving  whether  it  refumes 
the  fame  place  5  or  for  a  ftronger  proof,  the  tele- 
fcope  is  taken  out  of  its  hooks  and  put  in  again. 

Care  muft  be  taken  that  there  be  no  wa¬ 
ter  on  the  domes  of  the  calebafles,  or  any  thing 
that  hinders  the  wings  f  7  from  refting  on  the 
bottoms  of  the  hooks  ;  that  the  water  in  the  canal 
is  high  enough,  that  there  may  be  no  danger  of 
the  calebaffes  touching  at  the  bottom,  or  either 
end  of  the  telefcope  on  either  edge  of  the  canal. 

If  one  Ihould  fee,  that  among  feveral  obferva- 
tions  there  was  one  where  the  hair  did  not  return 
exadfly  on  the  fame  objed,  one  rriight  fufpe(ft 
that  the  difference  came  from  the  refractions, 
which  differ  often  and  from  one  moment  to  another; 
efpecially  when  it  rains,  when  it  is  very  hot  or 
very  cold,  when  the  vifual  ray,  which  parts  frona 
the  inftrument,  paffes  frorn  a  place  where  there  is^ 
a  fog,  to  one  where  there  is  not^ 
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Tho’  the  hair  fhould  return  conftantly  to  the  fame 
objed,  yet  we  cannot  conclude,  that  this  objedt  is 
in  a  level  with  the  eye  of  the  obferver  ;  but  only 
that  the  vifual  rays  *  H  9  dire61:ed  by  this  inftru* 
ment  always  make  equal  angles  9HO,  with  a 
plumb  line' HO,  which  is  imagined  to  defcend 
from  the  eye  of  the  obferver  to  the  centre  of  the 
earth. 

With  this  inftrument  put  in  the  date  juft  men¬ 
tioned,  we  may  find  as  many  true  points  of  level 
between  them  as  we  defire,  provided  the  places 
to  which  the  telefcope  is  pointed,  are  equally  dif- 
tant  from  the  inftrument. 

To  have  only  two,  which  we  fhall  mention 
how  all  the  perfedlion  may  be  given  that  can  be 
defired,  plant  upright  a  ftaff  6-4,  at  300  or  400 
toifes  from  the  inftrument,  on  the  bank  of  a  ri¬ 
ver,  a  lake,  or  a  canal,  along  which  your  aflif- 
tant  ftiall  prefent  you  a  fignal,  or  a  little  fquare  of 
iron,  white  on  one  fide,  and  black  on  the  other  ; 
for  in  any  fituation  whatfoever  the  black  is  feen 
more  eafily  than  the  white  :  let  him  raife  or  lower 
this  fignal,  till  the  hair  of  your  telefcope  juft 
touches  its  upper  edge  4,  and  reckon  how  many 
feet,  inches,  and  lines  there  are  from  the  edge  4 
to  •  the  bafe  of  the  ftaff  c  *,  then  let  the  affiftant 
prefent  in  like  manner  in  another  place  as  far 
diftant  from  the  inftrument  as  c,  another  fignal  5; 
and  knowing  by  your  fign  that  the  hair  of  your 
telefcope  touches  the  edge  of  his  fignal,  he  writes 
ipw  many  feet,  inches,  and  lines  there  are  from 
this  edge  5  to  the  bafe  e  of  his  ftaff. 

By  nieans  of  thefe  points  4  and  5,  which  it  is 
eafy  to  find  by  all  forts  of  levels,  how  defective 
foever  they  may  be,  the  inftrument  may  be  ad- 
jufted  in  the  following  manner,  and  difengaged 

*  Fig  8. 
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from  the  troublefome  neceffity  of  always  choofing 
points  equally  diftant  from  it. 

Caufe  the  inftrumcnt  to  be  carried  near  one  of 
the  ftaves  ^  4,  or  e  5,  and  count  how  many  feet, 
inches,  and  lines  there  are  from  the  upper  edge  of 
the  fignal  4  to  />,  where  you  lhall  have  obferved 
the  centre  of  the  objedt-glafs  of  your  telefcope  to 
be,  or  the  hair  to  be  cut  by  the  ftaff  r  4  :  let  your 
afliftant  then  go  and  place  upon  the  ftaff  ^  5  a  fig¬ 
nal  as  much  below  5  as  is  below  4 :  then  turn 
the  objedl-glafs  of  the  telefcope  of  your  inftrument 
towards  without  making  any  alteration  in  the 
pedeftal  of  this  inftrument. 

We  fee  that  the  proper  places  to  plant  thefe 
two  ftaves,  ftiould  be  chofen  along  a  river,  that 
their  bafes  may  not  be  far  from  being  upon  a  le¬ 
vel.  Having  thus  on  each  of  thefe  ftaves  two  o- 
ther  points  />,  on  a  true  level,  as  the  points  4 

and  5  are,  obferve  whether  the  hair  of  the  tele¬ 

fcope,  which  is  at  />,  touches  the  upper  edge  of 
the  fignal  q.  If  it  touches  it,  the  inftrument  is 

perfed:  *,  but  it  is  a  great  chance.  If  the  hair 

refts  higher  than  take  fome  of  the  lead  out  of 
the  calebafs  oc  ;  or  if  it  did  not  feem  too  much 
immerged  in  the  water  of  the  canal,  put  fome  in 
the  calebafs  0  which  bears  the  objeft-glafs. 
In  fhort,  take  out  of  one,  or  put  into  the  other, 
till  the  hair  of  the  telefcope  approaches  the  fignal 
q  *,  then  begin  again  to  obferve  where  the  hair  of 
the  telefcope  is  cut  by  the  ftaff  c  4  *,  reckon,  as  in 
the  preceding  operation,  how  many  feet,  inches, 
and  lines  there  are  from  the  fignal  4  to  this  point, 
and  place  on  the  ftaff  ^  5  a  fignal  as  much  below 
5,  as  the  centre  ot  the  telefcope  is  found  to  be 
below  4  ;  and  if  you  obferve  the  hair  to  touch  the 
edge  of  this  fignal,  you  may  conclude  this  inftru- 
nient  to  be  perfed  j  if  not,  leffen  by  degrees 
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with  a  knife,  and  not  with  a  file,  the  leaden 
ring  foldered  at  ^  A  ;  charge  or  difcharge  the 
calebafTes,  and  repeat  thefe  operations,  till  the 
meafure  of  the  point  of  the  level  -f  4,  in  the  centre 
of  the  telefcope,  is  equal  to  the  meafure  of  the 
point  of  level  5,  where  its  hair  cuts  the  ftaff  e  5  ; 
and  then  you  will  be  fure,  that  the  vifual  rays 
which  the  inftrument  direds,  whether  long  or 
fhort,  make  right  angles  with  lines  HO,  ima¬ 
gined  to  defcend  from  the  eye  of  the  obferver  to 
the  centre  of  the  earth.  This  is  all  that  can  be 
required  in  the  moft  juft  inftrument  that  ever  was 
fee  a. 

The  fcale  \\  gives  the  meafures  of  each  part  of 
this  level.  If  the  length  of  the  fupport,  and  that 
of  its  three  feet  are  reduced  to  the  length  of  the 
canal,  and  if  the  diameter  of  the  portion  of  a 
fphere  is  reduced  to  the  breadth  of  the  fupport, 
and  to  the  height  of  the  two  veftels  of  the  canal, 
it  is  only  to  inciofe  the  whole  in  one  cafe. 

VI.  A  method  to  centre  telefcope-glajjh  in 
working  them^  by  M,  de  la  Hire  at 
the  obfervatorv. 

iVfter  what  I  have  faid  on  the  manner  of  know¬ 
ing  the  inequality  of  the  thicknefs  of  the  glaffes, 
ufed  to  make  the  objedt- glaffes  of  telefcopes,  it 
will  not  be  difficult  to  centre  them  in  working ; 
that  is,  to  caufe  the  greateft  thicknefs  of  the  glafs 
to  be  found  in  the  centre  of  the  figure,  when  it 
lhall  be  wrought. 

Firft,  the  piece  of  glafs,  of  which  an  objedl- 
glafs  is  to  be  made,  being  cut  in  a  circular  figure, 

*  Fig.  I  and  2.  4  Fig.  8.  ||  Fig.  9. 
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mark  the  centre  as  at  *  C :  and  by  the  method 
which  I  have  given,  and  as  I  lhall  afterwards  ex¬ 
plain,  trace  upon  this  circle  the  diameter  AB, 
which  will  determine  its  greateft  thicknefs  in  B, 
and  its  leaft  in  A. 

Secondly,  begin  to  form  the  glafs  according  to 
the  figure  which  you  would  give  it,  by  gradually 
diminifhing  the  part  B,  fo  much  as  you  can  guefs 
it  to  be  thicker  than  the  part  A  ;  and  this  fide  of 
the  glafs  being  at  lafl  entirely  finifhed  and  polifh- 
ed,  unglue  it,  and  fearch  again  for  the  thickeft 
part,  if  it  is  not  equal  every  where.  But  as  it  is 
cut  on  one  fide,  the  centre  may  be  determined  by 
the  fame  method  •,  that  is,  mark  the  point  where 
the  greateft:  thicknefs  of  this  glafs  is.  This  will 
be  done  by  tracing  a  diameter  firft:,  as  I  have  juft; 
fhewed,  in  which  a  clear  or  black  line  does  not 
appear  multiplied,  which  may  always  be  found  j 
and  if  this  line  does  not  appear  doubled  in  all  the 
diameters,  we  are  fure  that  the  glafs  is  well  cen¬ 
tered,  and  that  we  may  work  it  equally  on  the 
other  fide  to  give  it  its  entire  perfection.  But  if 
we  trace  on  the  glafs  another  diameter  DE,  per- 
-  pendicular  to  AB,  which  is  that  where  the  image 
of  the  clear  or  black  line  does  not  appear  multi¬ 
plied,  and  the  image  of  the  fame  line  does  appear 
multiplied  in  the  diameter  DE,  we  ftiall  know  that  the 
glafs  is  not  centered.  We  muft:  then  make  the  image 
of  the  line  on  the  glafs,  which  is  parallel  to  the 
diameter  DE,  appear,  and  make  it  move  thereon 
till  it  no  longer  appears  doubled,  which  we  may 
always  find,  and  this  line  muft:  be  marked  as  at 
EG  on  the  furface  of  the  glafs,  which  will  cut  at 
right  angles  the  diameter  AB  at  the  point  H, 
which  will  be  then  the  centre  of  this  glafs.  Now 
tranfport  the  magnitude  CH  to  Cl  on  the  other  fide 

*  Plate  VI.  Fig.  1, 
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of  the  centre  of  the  diameter  AB,  and  having 
fattened  the  glafs  with  mattick  as  before,  begin 
to  cut  it  on  the  fide  which  is  ttill  flat,  and  wear 
away  gradually  its  part  towards  B,  more  than  that 
towards  A  ;  fo  that  being  almott  cut  all  fpherically, 
there  remains  only  the  little  point  I,  which  is  not 
cut  on  the  furface.  Then  this  ttde  of  the  glals 
may  be  finifliea,  and  you  may  be  fure  that  it  will 
be  well  centered. 

On  the  furface  of  the  glafs,  which  is  firtt  cut, 
a  little  bit  of  white  paper  may  be  patted,  where 
the  point  I  is  marked,  that  this  point  may  always 
be  known  when  you  cut  the  other  fide. 

The  demonttration  of  this  pradtice  is  not  diffl- 
cult :  for  let^ABMN  be  the  fedlion  of  the  glafs  by 
the  diameter  AB  of  its  figure,  and  perpendicu¬ 
larly  to  the  plain  furface  AB,  if  we  imagine  a 
plane  parallel  to  this  furface, which  touches  it  in  O 
the  fide  NOM  of  the  glafs  which  is  wrought,  it 
is  evident  that  the  point  O  will  be  the  centre  of 
the  glafs,  or  its  oppofite  point  H  ;  and  feeing  the 
point  C  is  in  the  middle  of  the  diameter  AB,  if 
we  take  Cl  equal  to  CH,  and  make  the  point  I  be 
the  place  where  the  curve  PIQjequal  and  fimilar 
to  NOM,  touches  the  plane  AB,  the  line  lO  be¬ 
ing  bikdfed  at  K,  will  give  the  point  K,  for  the 
centre  of  this  glafs.  Q.E.  D. 

Now  as  for  the  manner  of  finding  the  greateft 
thicknefs  of  the  glafs,  as  it  depends  only  on  one 
multiplication,  you  mutt  only  make  ufe  of  the 
refledfion  of  a  bright  line  in  the  dark,  or  of  a 
black  one  in  a  ftrong  light.  We  mutt  therefore 
expofe  one  fide  of  the  glafs  -f  A3  to  the  black  or 
bright  line  RS,  fo  that  it  may  be  perpendicular 
to  the  plane,  which  pafles  through  the  eye  O, 
and  the  line  RS,  and  that  this  furface  of  the  glafs 

*  Fig.^2.  t  Fig.  3, 
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may  be  alfo  very  little  inclined  to  this  line  to  be 
able  to  perceive  the  image  of  it  more  eaiily  *, 
and  when  the  image  AB  of  the  line  RS  appears 
fingle,  you  will  know  that  the  diameter  AB  of 
the  circular  piece  of  glafs  will  thereby  determine 
its  greateil  and  lead  thicknefs.  But  if  the  image 
AB  appears  double,  and  the  moft  vivid  is  towards 
X,  and  the  fainted  towards  Y,  then  the  part  X 
will  be  thicker  than  the  part  Y,  as  I  have  already 
demonftrated. 

VIL  Obfervatiom  on  the  iJifeBs  called  adder-- 
holts  or  dragon-jltes^  by  M.  Plomberg.^ 

As  my  obfervations  were  made  only  on  one 
fpecies  of  adder-bolts,  I  fliall  endeavour  to  di- 
flinguifli  it  from  the  reft  in  the  firft  place,  arid 
defcribe  the  parts  which  principally  belong  to  my 
obfervation. 

The  males  and  females  are  of  the  fame  bignefs, 
being  about  20  lines  long  :  the  body  of  each  of 
them  is  equally  (lender  ;  except  that  the  end  of 
the  tail,  or  extremity  of  the  belly  in  the  female  -f 
is  a  little  bigger  than  that  of  the  male  4  a. 
They  are  both  very  lively,  and  keep  ufually  on 
the  banks  of  rivers. 

The  j|  males  are  of  a  fliining  violet  colour  all 
over  their  bodies  ;  their  4  wings  are  tranfparent, 
a  little  gilded,  with  a  great  fpot  almoffc  in  the 
middle  of  each  wing  <?,  of  the  feme  violet  colour 
with  their  whole  body,  which  makes  this  part 
of  the  wings  opake. 

The  \\\\  females  are  all  over  their  body  of  afhin- 
ing  gilded  grey,  approaching  to  green.  Their  4 
wings  /  are  tranfparent,  of  the  fame  colour,  and 
without  any  fpot. 

*  22,  1699,  f  Plate  VI.  Fig.  5. 
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When  they  are  at  reft,  or  do  not  fly,  their  4 
wings  draw  clofe  to  each  other,  fo  as  to  leem 
but  one,  whereas  feveral  other  fpecies  of  adder- 
bolts  keep  their  wings  always  extended,  as  well 
when  they  are  at  reft  as  when  they  fly. 

The  head  of  this  animal,  which  is  very  big  in 
comparifon  of  its  body,  joins  to  the  bread  only 
by  a  very  flender  thread  :  its  belly  *  ^  r,  or  that 
part  which  reaches  from  the  place  where  its  wings 
are  planted,  to  the  other  extremity,  is  divided 
into  10  joints,  the  motion  of  which  is  only  up 
and  down,  and  from  fide  to  fide. 

The  place,  on  which  the  wings  are  planted,  I 
Ihall  call  the  bread. 

It  has  its  lungs  about  the  middle  of  the  belly 
towards  which  appears  by  this  part’s  heaving 
continually  at  fmall  intervals,  as  the  parts  of  re- 
fpiration  commonly  do. 

The  extremity  of  the  belly  of  the  male  |1  or 
the  tenth  joint  of  its  belly,  is  a  Ample  ring, 
which  makes  its  anus'^i  it  is  furniflied  with  4  little 
hooks,  2  large  above,  about  a  line  in  length, 
and  2  fmaller  below,  which  it  can  open  and  fhut, 
juft  as  lobfters  do  their  claws. 

The  extremity  of  the  belly  of  the  female  j 
'feems  to  confift  of  2  tubes  placed  one  below  the 
other.  The  upper  one  is  the  anus^  which  is  placed 
as  in  the  males',  and  the  lower  one  is  the  female 
organ,  or  entrance  into  the  matrix.  This  lad 
is  about  a  line  long  ;  and  rifes  from  the  lower 
part  of  the  eighth  joint  of  the  belly:  each  of 
thefe  tubes  are  furniflied  at  the  end  with  2  very 
fmall  points  *,  whereas  the  anus  of  the  male  has 
4  hooks.  The  2  ends  of  the  tube,  being  placed 
one  above  the  other,  make  the  extremity  of  the 
female’s  belly  bigger,  and  not  to  be  fo  much 
pointed  as  in  the  male.  I 
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I  have  feen  thefc  animals  perform  an  a6tion, 
which  has  apppeared  to  me  very  extraordinary, 
and  has  raifed  a  curiofity  in  me  to  examine  them 
attentively ;  the  male  finding  the  female  fitting 
on  fome  leaf  or  branch  by  the  water-fide,  took 
her  as  he  flew,  with  the  hooks  of  his  ajtus^  by  the 
neck  between  the  head  and  bread,  and  fo  carried 
her  off  hanging  by  the  head  at  the  end  of  his  taiL 

I  thought  at  firft,  they  had  been  two  different 
fpecies  of  animals,  and  that  they  were  quarrelling  ; 
but  as  I  faw  no  refiftance  made  by  one  of  them 
againft  its  being  carried  off,  but  on  the  contrary, 
that  one  of  them  prefented  itfelf,  and  feemed  to 
expefi  the  other,  to  be  carried  off  more  commo- 
dioufly,  I  thought  quite  otherwife. 

I  followed  them,  and  faw  that  the  male  feated 
himfelf  not  far  off,  on  a  leaf  of  a  rufh,  and  at  the 
fame  time  he  raifed  his  tail,  with  which  he  held 
the  female  by  the  neck,  to  place  her  on  the  fame 
leaf  where  he  was.  The  female  being  thus  feated 
behind  the  male,  bent  her  belly,  turning  it  be¬ 
tween  her  legs,  and  with  the  end  of  her  belly,  fhe 
thruft  her  parts  againfl  the  bread  of  the  male, 
whofe  genital  parts  are  in  that  place  :  the  male 
fupporting  the  head  of  the  female  v>^ith  his  tail, 

during  this  whole  adlion. 

— —  ^ 

They  continued  in  this  podure  for  about  three 
minutes,  and  then  the  male  lifted  up  his  bread 
drongly,  and  the  genital  parts  of  thefe  two  ani¬ 
mals  feparated,  as  if  they  had  been  forced  allin- 
der  :  the  male  alfo  let  the  head  of  the  dmalc  go 
at  the  fame  time,  and  flew  away  immediately. 

The  female  being  at  liberty,  put  hcrfelf  in  order 
again,  and  remained  without  motion  in  the  fmie 
place  for  a  full  half  quarter  of  an  hour,  and  then 
Ihe  flew  aw^ay  alfo. 

*  Fig.  6. 
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I  have^  caught  feveral  of  thefe  animals,  to  exa¬ 
mine  their  genital  parts  and  this  is  \yhat  I  havo 
found.  The  upper  ,part  of  the  belly,  in  both 
iexes,  is  convex  thro’  ks  whole  length.  The  un¬ 
der  part  of  the  belly  is  folded  .and  bent  inwards,' 
and  forms  a  gutter,  lehgthwife,  almoft  like  the 
inner  part  of  a  feather  ,  between  its  vanes.  Thi^ 
gutter  begins  in.  the  males  at  the  third  joint,  and 
is  continued  quite  to  ,the  anus.  The  firft  joint  of 
its  belly,,  next  the  break,  is, only  a  round  and 
very  narrow  ring,  about  the  breadth' of  ^a  large 
pin  ;  and  it  does  not.feem  to  have  any  other  ufcj* 
than  to  give  a  niore  free  and  large  motion  to  th^ 
reft  of  the  belly.  ^  -  ;  ,  »  . 

The  fecond  joint  in  the  males  c,  is  two  lines 
long,  very  much  hollowed  in  the  fore  part  underr 
neath,  making  a  fort  of  a  bag,  the  edges  of  which 
are  fet  with  hair^  arid  the  bottom  is  towards  the 

break.  ,  ,  .  r  •  '  ! 

^  From  the  bottom  of  this  bag  proceeds  a  fmall 
hard  and  black  body,  of  the  fize.of  a  hog’s  briklcj 
two  lines  long,  with  a  hard  and  very  fmall  white 
pearl  at  the  end.  .This  little  body  feems  to  be  im¬ 
planted  into  the  break  of  the  male,  and  to  per¬ 
form  the  office  of  penis.  It  is  lodged  length- 
wife  in  the  bag,  in  fuch  a  msinner,  that  the  littl'e 
white  pearl  is  always  vifiblei  when  we  prefs  the 
end  of  a  feathfer  into  ,  this  bag,  the  cornea 
out  of  itfelf,  about  a  line  in  length  •,  which  hap¬ 
pens  alfo  when  the  anus  is  preffed.  I  have  cut  the 
break  of  the  male  tranfverfly  with  fcikars  above 
the  wings,  and  found  in  the  fiekiy, part  within 
the  break  a  hollov;  cone,  the  bafe  of  which  was 
towards  the  head  of  the  animal,  and  its  vortex _ 
bordered  within  on  the  root  of  the  penis  ;  I  have 
driven  a  little  needle  into  the  njertexo^  this^  holr- 


*  Fig.  4. 
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low  cone,  which  has  made  the  whole  length  of 
the  penis  come  out  of  the  bag. 

I  have  opened  the  bread  in  feveral  males  to  ex¬ 
amine  this  cavity,  but  I  have  found  it  only  in 
two  *,  all  the  red  had  their  breads  full.  One  of 
thefe  had  jud  done  coupling  when  I  took  him, 
and  the  other  I  took  at  hazard.  This  difference 
mad€  me  think,  that  this  cavity  might  be  the  re- 
fervoir  of  the  feed  of  this  animal,  which  being 
but  jud  emptied,  made  the  cavity  dill  vifible ; 
but  before  the  copulation,  this  place  being  full,  or 
fometime  after  it,  the  fides  of  this  veffcl  bein^  fal¬ 
len,  there  would  notappear  any  fenfiblemarkof  it. 

The  bag,  in  which  the  penis  is  lodged,  is  only 
a  continuation  of  the  gutter  which  runs  along  the 
whole  belly  almod  underneath,  with  the  diffe¬ 
rence,  that  in  this  place  the  gutter  is  deeper  and 
wider,  than  in  all  the  red  of  its  extent,  and  that 
it  is  hairy,  whereas  all  the  red  is  fmooth. 

The  under  part  of  the  belly  of  the  females  is 
in  like  manner  folded  into  a  gutter,  which  begins 
at  the  fecond  joint  of  the  belly  *  which  is  not 
hairy,  like  the  males,  and  continues  along  the 
6  following  joints : 

The  two  lad  joints  but  one  of  the  female  hold 
its  external  genital  parts  b  underneath.  They 
are  formed  after  the  following  manner  :  the  ninth 
joint  underneath  has  an  aperture  furnidied  on  each 
fide  with  a  light  grey  little  wing.  Thefe  two 
little  wings  cover  this  aperture,  and  have  a  mo¬ 
tion  of  opening  and  (hutting  ;  and  when  they  are 
(hut,  they  feem  to  form  a  little  tube  i. 

At  the  root  of  the  eighth  joint,  there  arifes  a 
little  bunch,  up  to  the  root  of  the  ninth  Joint. 
On  the  extremity  of  this  bunch  are  planted  two 
little  crooked  horns,  black,  very  hard,  a  little 
above  a  line  long,  (haped  almod  like  the  fangs  of 
?  Fig,  5.  a 
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a  viper,  but  a  little  more  crooked,  and  its  points 
are  turned  towards  the  anus.  They  are  articula¬ 
ted,  and  have  a  motion  every  way^;  they  are  u- 
fually  Icdged  under  the  little  wings  juft  defcribed, 
and  are  entirely  hidden  by  them  ;  they  are  laid  fo 
near  each  other,  that  they  appear  like  one  fingle 
hook. 

I  believe  thefe  two  little  horns  may  have  the 
two  following  ufes.  Firft,  as  they  are  couched 
between  the  two  little  wings,  which  cover  the 
female  parts,  and  as  they  have  a  motion  every 
way,  they  can,  by  parting  from  each  other,  open 
the  two  little  wings,  and  thereby  difcover  the  a- 
perture  of  thefe  parts. 

The  fecond  ufe  may  be,  to  dired  the  parts  of 
the  female  in  copulation  towards  thofe  of  the 
male,  and  that  in  the  following  manner : 

We  have  feen  that  the  parts  of  the  male  are 
very  near  its  bread,  whereas  thofe  of  the  female 
are  placed  at  the  other  extremity  of  the  belly,  fo 
that  the  female  is  obliged,  in  copulation,  to  bend 
her  belly  and  bring  it  between  her  legs  and  under 
her  bread,  to  reach  the  parts  of  the  male,  as  is 
reprefented  in  Fig.  6.  which  is  a  very  uneafy 
pofture,  in  which  ihe  might  often  mifs  the  parts 
of  the  male,  without  the  afliftance  of  thefe  two 
horns ;  but  when  thefe  horns  rife  under  the  little 
wings,  they  prefent  their  convexity  to  the  gutter, 
which  poftefifes  the  whole  under  part  of  the  belly 
of  the  male,  in  which  they  very  eafily  engage 
themfelves ;  and  after  they  are  entered  into  this 
gutter,  they'ferve  for  an  infallible  guide  to  the 
parts  of  the  female,  to  arrive  furely  to  thofe  of 
the  male. 

I  have  ftiut  up  feveral  of  thefe  females,  to  fee 
if  they  would  produce  any  eggs ;  but  as  they 
flood  in  need  of  nourifliment,  which  they  would 

N  2  ncA 
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not  rake  in  their  prifon,  they  all  died,  lb  that 
I  could  not  extend  my  obfervation  any  farther/' 

I  never  found  any  eggs  in  them  on  difieclion, 
which  makes  me  believe  the  females  hide  them- 
felves  fpon  after  copulation,  to  lay  their  eggs, 
and  that  they  perifh  afterwards.  The  males  alfo 
muft  periHi  foon  after  copulation  ;  which  I  guefs, 
becaule  I  have  found  a  great  many  wings  of  males 
in  feveral  places,  where  it  is  probable,  that  they 
died  ;  and  as  J  found  no  bodies,  it  is  probable, 
that  they  were  eaten  by  other  infedls. 

I  obferved,  that  the  firfl:  of  thefe  animals, 
which  I  took  about  the  i8th  of  July  this  year, 
particularly  the  males,  were  longer  and  ftronger 
than  thofe  which  I  took  a  fortnight  afterwards, 
that  there  were  hardly  any  three  weeks  after,  and 
that  thtfe  few  were  very  poor  ones  ;  which  makes 
me  believe,  that  thefe  animals  could  not  all  hatch 
at  the  fame  time,  and  that  the  firfl  Right  is  better 
than  the  lafl.  '  •  ■  -  ^ 

4  *  *  • 

VIII.  inquiry  into  the  Jlrength  of  man  to, 
move  burdens^  either  by  Ujting^  carryings 
or  drawings  confidered  abfoliitely^  and  with 
comparijbn  to  that  oj  animals  which  carry 
and  draw^  as  horjes^  by  M,  de  la  Hire, 
at  the  obfervatory  ^ . 

I  fuppofe,  in  the  firfl  place,  that  a  flrong 
man  of  a  midling  flature  weighs  140  lb,  of  our; 
weight.  • 

I  confider  firfl,  that  fuch  a  man,  having  his 
knees  on  the  ground,  can  raife  himfelf,  by  reft- 
ing  only  on  the  point  of  the  feet,  and  the  two 
knees  being  continually  joined  together  *,  and  as 

*  Nov.  10,  1699. 
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rh-is  effort  is  made  by  means  of  the  mufcles  of  the 
legs  and  thighs,  it  is  evident,  by  the  fuppofition 
juft  made  of  his  weight,  that  the  mufcles  of  the 
legs  and  thighs  will  have  ftrength  to  raife  140  Ih. 

But  a  man  having  the  hams  a  little  bent,  can 
recover  himfelf,  tho’  loaded  with  a  weight  of 
1 50  lb,  together  with  the  weight  of  his  body 
which  he  raife  at  the  fame  time  ;  fo  that  the 
force  of  the  mufcles  of  the  legs  and  thighs  can 
raife  a  weight  of  290/^.  that  is,  1^0  lb.  of  the 
weight  with  which  it  is  loaded,  and  \/\olb.  of  the 
weight  of  his  body,  when  the  elevation  is  but  two 
or  three  inches. 

Such  a  man,  as  we  have  already  fiippofed  and 
conlidered,  can  alfo  raife  from  the  earth  a  weight 
of  100  ib.  which  fhall  be  placed  between  his 
legs,  by  only  bending  the  body,  and  raking  this 
weight  with  the  hands  as  with  two  hooks,  and 
then  recovering  himfelf.  Whence  it  follows,  that 
the  mufcles  of  the  loins  alone  have  ftrength  to 
raife  a  weight  of  170  b.  that  is,  \oolb.  of  the 
weight,  and  70/^.  which  is  half  his  own  weight ; 
for  he  muff  not  only  raife  the  weight  of  100  lb. 
but  all  the  upper  part  of  his  body,  which  I  efti- 
rnate  at  70/.  feeing  he  bent  down  to  lift  the 
weight. 

As  for  the  force  of  the  arms  in  drawing,  or 
raifing  a  burden,  it  may  be  reckoned  at  1 60  lb. 
which  depends  on  the  torce  of  the  mufcles  of  the 
ffioulders'  and  arms.  For  if  a  man  takes  with 
both  his  hands  any  fixt  body,  placed  above  his 
head,  he  can  eafily  enough,  by  the  foie  effort  of 
his  arms,  raife  his  whole  body,  and  20  lb.  befidcs, 
as  if  he  was  loaded  with  the  weight  of  20  lb.  The 
experiment  of  this  may  eafily  be  made,  if  there  is 
a  weight  of  160  lb.  which  is  faftened  to  the  ex¬ 
tremity  of  a  cord,  which  paffes  over  a  pully  ; 

2  and 
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and  if  a  man  who  weighs  but  1 40  lb.  draws  the 
other  extremity  of  this  cord,  it  is  evident  that  he 
can  never  raife  the  weight  of  1 60 /^,  feeing  all 
that  he  can  do  is  to  hang  upon  this  cord,  and  the 
weight  at  the  other  extremity,  weighing  more 
than  he,  will  keep  him  fufpended  ;  for  the  pully 
is  nothing  but  a  continued  ballance  with  equal 
arms :  but  if  this  man  is  loaded  with  a  weight  of 
20  lb.  he  will  then  make  an  equilibrium  with  the 
weight  on  the  other  fide;  and  if  we  add  to  this 
20  lb.  then  he  will  raife  the  weight,  for  the  muf- 
cles  of  his  fhoulders  and  arms  have  ftrength 
enough  to  raife  all  this  weight. 

Altho’  the  mufclcs  of  each  part  of  the  body, 
are  able  to  make  fuch  great  erforts  to  raife  burdens, 
yet  we  muft  not  compute  the  ftrength  of  a 
man  by  that  of  all  his  mufcles  together,  tho* 
the  fpirits  which  fwell  the  mufcles  ferving  to  mo¬ 
tion  in  general,  by  contra6ting  themfelves,  and 
drawing  the  tendons  of  their  extremities,  could 
diftribute  themfelves  equally  into  all  thefe  parrs, 
and  in  the  fame  manner  with  a  feparated  part, 
feeing  each  part  ufually  ferves  for  a  fupport  to 
that  which  is  joined  to  it.  For  example,  the 
mufcles  of  the  arms  and  ftioulders  contradling 
themfelves,  can  raife  a  weight  of  160  lb.  But 
if  the  body  is  bent,  the  arms  cannot  fuftain  this 
weight,  unlefs  the  mufcles  of  the  loins  have  ftrength 
at  the  fame  time,  to  fuftain  the  upper  part  of 
the  body  with  the  weight  with  which  it  is  loaded  ; 
and  if  the  hams  were  alfo  bent,  then  the  mufcles 
of  the  legs  and  thighs,  muft  ftill  make  a  greater 
effort,  as  they  muft  fuftain  the  weight  of  160  lb, 
and  at  the  fime  time  that  of  the  whole  body^ 
Whence  it  happens,  that  in  this  difpofition  of  the 
whole  body,  the  ftrength  is  divided  by  the  diftri- 
bution  of  the  fpirits  into  all  the  parts,  which  is 

the 
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the  caufe  that  a  man  cannot  raife  from  the  ground 
a  weight  of  1 60  Ih. 

Not  but  that  there  may  be  fome  men,  whofc 
fpirits  flow  in  fuch  abundance,  and  with  fo  much 
rapidity  into  their  mufcles,  that  they  make  elForts 
triple  and  quadruple  of  what  is  ufual ;  and  this 
feems  to  me  the  natural  reafon  of  the  furprifing 
force  that  we  fee  in  fome  men  who  carry  and 
lift  fuch  burdens,  as  2  or  3  men  together  would 
be  at  a  lofs  to  fupport ;  tho*  thefe  men  are  fome- 
times  of  a  moderate  fize,  and  feem  outwardly  ra¬ 
ther  weak  than  ftrong.  There  was  one  not  Jong 
ago,  in  this  country,  who  was  faid  to  carry  a 
great  fmith’s  anvil,  and  of  whom  feveral  won¬ 
derful  actions  were  related  :  but  I  faw  another  at 
Venice^  who  was  young,  and  did  not  feem  to  be 
able  to  carry  above  40  or  50  lb,  with  all  poflible 
advantages,  who  getting  upon  a  little  table  raifed 
an  afs  from  the  ground,  and  held  it  up  in  the  air, 
by  a  large  girt  that  went  under  the  belly,  and  was 
faftened  at  each  end  to  hooks,  which  hung  at  the 
end  of  2  little  twifts  made  of  fmall  cords,  and  a 
few  hairs  on  each  fide  of  the  head  of  this  young 
fellow  :  and  all  this  great  flrength  depended  only 
on  the  mufcles  of  the  flioulders  and  loins ;  for  he 
{looped  at  firft  whilft  the  hooks  were  faftened  .to 
the  girt  5  and  afterwards  he  lifted  the  animal  off 
the  ground,  leaning  his  hands  upon  his  knees. 
He  again  raifed  in  the  fame  manner  other  bur¬ 
dens,  which  feemed  heavier  than  this  animal, 
and  faid  he  found  lefs  difficulty  in  it,  becaufe  the 
afs  ftruggled  when  it  v/as  off  the  ground, 

I  now  examine  the  effort  of  a  man  to  carry 
a  burden  on  his  flioulders  %  and  I  fay  the  weight 
of  this  burden  may  be  1 50  lb,  and  that  he  can  walk 
tvith  this  load  eafily  enough  on  a  horizontal  plane, 
provided  he  does  not  make  great  ftrides ;  but  he 

cannot 
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cannot  go  up  a  hill  or  a  ladder  with  the  famis 
weight.  For  the  adlion  of  walking  with  a  bur¬ 
den  on  the  fhoulders^  muft  be  confidered  as  the 
circular  motion  of  the  centre  of  gravity  of  tha 
body,  and  of  the  weight  joined  together,  on  the, 
foot  which  advances  as  centre  of  the  arch  of 
motion  ;  the  effort  of  the  mufcles  of  the  other 
leg  ferving.  only  to  pufh  this  centre  forwards  5 
and  if  the  arch  deferibed  by  this  centre  is  fmall; 
the  effort  of  the  hinder  leg  muft  not  be  great,; 
to  make  it  be  deferibed,  feeing  the  whole  burder\ 
of  the  body,  and  of  the  weight,  is  not  to  be  raifed 
!>y  more  than  the  quantity  of  the  ..verfe4  fine  of 
half  the  arch  *,  which  is  not  confiderable  in  this 
cafe,  with  regard  to  the  arch  which  rs  the  path 
in  which  the  whole  burden  advances., 

Thus  we  fee  that  a  man  well  loaded  can  walk 
the  more  eafily,  as  he  makes  lefs  ftfides,  feeing 
the  fine  will  be  fo  much  the  lefs,  and  that  he  could 
not  advance  by  making  fuch  large  ftrides,  that  the 
effort  of  the  hinder  leg  could  not  raife  the  bur¬ 
den  of  the  body,  and  of  the  weight  by  the  quan¬ 
tity  of  the  yerfed  fine  of  the  arch,-  which  would 
be  half  the  ftep.  *  .  , 

It  is  eafy  alfo  td  fee  that  the  fame  man  cannot 
go  up  a-  ladder,  ^  or  fteep  hill  with  this  load,'  feeing 
according  to  what  we  have  already  explained,  the 
effort  of  the  mufcles  of  his  legs  being,  able  to 
raife  a  weight  of  1 50  lb.  only  to  the  height  of  2 
or  3  inches,  he  could  not  raif;  it  to'5  inches  which 
is  the  height  of  the  ufual  fteps,  nor  go  up  a  hill 
without  making  fuch  fhort  fteps,  as' to  rife  but  2 
or  2  inches  at  each. 

It  therefore  now  remains  for  me  only  to  confideT' 
tTie  effort  of  a  man  to  draw  or  pufh  horizontally. 
But  to  render  this  explication  more  clear  and  in¬ 
telligible,  I  confider  his  ftrength  applied  to  the 

handi^' 
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handle  of  a  roller  the  ayiis  of  which  is  horizontal, 
and  over  which  a  cord  is  turned  which  ihflains  a 
weight,  having  fuppofed  the  diilance  from  the 
centre  of  the  roller  to  the  elbow  of  the  handle, 
equal  to  the  femi-dia meter  of  the  roller,  that  the 
force  may  be  compared  being  applied  without 
any  aUgmentanon  on  the  fide  ot  the  machine,  I 
have  alfo  had  no  regard  to  the  fridlionS  of  the 
axis  of  the  roller,  nor  to  the  difficulty  Which  the 
cord  may  have  to  bend. 

FirfI;  it  is  evident,  that  if  the  elbow  of  the 
handle  is  placed  horizontally,  and  that  it  is  about 
the  height  of  the  knees,  the  effort  of  the  man 
who  raifes  it  in  drawing,  may  at  the  fame  time 
lift  the  weight  of  1^0  lb.  which  ffiall  be  fattened 
to  the  extremity  of  the  cord,  taking  all  poffible 
advantages,  feeing  it  is  the  fame  as  to  faife  the 
weight,  as  I  have  already  explained.  But  if  it  is 
to  deprefs  the  handle,  his  effort  can  be  no  more 
than  140  lb.  which  is  the  weight  of  his  whole 
body,  that  he  can  apply  by  bearing  upon  it,  un- 
Jefs  he  is  loaded  5  for  then  he  could  make  a  much 
greater  effort. 

Secondly,  if  the  dbow  of  the  handle  is  placed 
vertically,  and  is  at  the  height  of  the  ttioulders, 
it  is  certain  that  a  man  can  make  no  effort  to  turn 
it,  by  drawing  it  or  puOiing  it  with  his  hands, 
if  the  2  feet  are  againft  each  other,  and  the  body 
ttrait,  Which  is  reprefented  by  the  line  ^  AP,  and 
if  the  line  of  the  arms  reprefented  by  AM  is  ho¬ 
rizontal,  and  makes  a  right  angle  v/ith  AP,  fince 
in  this  pofiiion^  neither  the  force  of  the  whole 
body  or  if  its  parts,  nor  its  v/eight^  can  make  any 
effort  to  pufli  or  draw,  which  is  known  by  me- 
chanicks,  for  I  confider  the  breadth  of  the  feet 
only  as  a  fingle  point  P.  But  if  the  handle  is 

*  Plate  VI.  Fig.  7, 
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higher  or  lower  than  the  height  of  the  flioulders, 
then  the  line  which  goes  from  the  flioulders  to  the 
hands,  which  is  AM,  and  that  which  goes  from 
the  fhoulders  to  the  end  of  the  feet,  which  here 
is  AP,  will  make  an  obtiife  or  an  acute  angle, 
and  the  man  may  have  fome  force  to  draw  or  pufli 
the  handle  ;  and  this  force  depends  wholly  on  the 
weight  of  the  body,  as  is  eafy  to  know  and 
demonflrate  •,  and  this  weight  or  this  force 
mull  be  confidered  as  reunited  in  his  centre  of 
gravity,  which  is  near  the  navel  within  the  body, 
I  fay  that  regard  mufl:  be  had, only  to  the  weight 
of  the  body  to  determine  the  equilibrium^  for 
the  effort  of  the  mufcles  of  the  legs  and  thighs 
ferves  only  to  preferve  this  equilibrium  in  walking.. 

^  Let  the  handle  D  be  at  the  height  of  the 
fhoulders  A,  and  let  the  centre  of  gravity  of  the 
body  be  at  C,  the  body  being  very  much  inclined 
towards  the  handle*,  but  let  the  end  of  the  feet  be 
at  P  :  we  muft'  confider  i  ft  this  point  P  as  the 
fulcrum  of  a  lever  or  ftrait  rod  PCH,  which 
pafTing  thro’  the  centre  of  gravity  C  of  the 
whole  body,  meets  the  line  of  the  arms  MA  at 
the  point  H  *,  2.  That  this  point  C  of  the  lever 
being  loaded  with  the  weight  of  all  the  body 
140  lb.  with  its  natural  diredion,  its  extremity  H 
is  fuflained  with  the  horizontal  diredion  MAH  ; 
whence  it  will  be  eafy  to  conclude  by  mechanicks, 
what  effort  the  weight  of  the  body  at  C  with  its 
natural  diredion,  can  make  on  the  handle  ac- 
^'ording  to  the  horizontal  diredion  DH. 

For  firft,  let  PH  be  of  240  parts  and  PC  of 
;  fince  the  effort  of  all  the  body  at  the  point 
C  is  140  lb.  it  vvdll  be  but  80  lb.  at  the  point  H, 
as  if  at  the  point  H  there  was  a  vyeight  of  80  lb, 
fufpended  with  its  natural  diredion,  which  muft  be, 
♦  Fig.  S. 
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in  thefuppofitions  that  we  have  made,  perpendicular 
toMA.  Wherefore  if  we  draw  from  the  point  of 
fupport  P  the  line  PF  perpendicular  to  MAF,  the 
weight  of  80  lb,  at  H  with  its  natural  diredlion, 
will  be  to  the  effort  of  the  fame  according  to 
the  horizontal  dircdlion  MAH  on  the  handle,  in 
the  ratio  of  PF  to  HF,  which  very  much  dimi- 
nifhes  the  effort  of  the  80/^.  in  a  moderate  incli¬ 
nation  of  the  body  ACB.  And  if  we  fuppofe 
for  inflance,  that  the  line  PCH  makes  with  MAF 
the  angle  PHF  of  70  degrees,  the  line  of  the 
body  ACB  will  then  be  inclined  to  the  horizon, 
or  with  MF,  an  angle  of  more  than  60  degrees, 
which  is  at  mod  the  inclination  in  which  the 
body  can  be  to  be  able  to  walk  ;  and  the  fine  of 
70  degrees  which  is  PF,  will  be  to  the  fine  of 
its  complement  which  is  HF,  very  near  as  3  to  i  j 
and  confequently  the  effort  of  the  80  lb,  at  H  ac¬ 
cording  to  the  natural  diredion,  will  be  to  that 
which  they  make  according  to  the  horizontal  di¬ 
redion,  only  j  of  80  lb,  which  is  a  little  lefs 
than  2^  lb. 

Thole  who  have  not  made  the  experiment  of 
the  ftrength  of  a  man,  to  pufli  horizontally  with 
the  arms,  or  to  draw  a  horizontal  cord  in  walking, 
the  body  being  inclined  forwards,  whether  the 
cord  be  faftened  towards  the  flioulders  or  about 
the  middle  of  the  body,  for  the  effort  will  be  no 
greater  in  the  fame  inclination  of  the  body,  fince 
the  fines  of  inclination  and  its  complement  are  al¬ 
ways  in  the  fame  ratio,,  cannot  perfuade  them- 
feives  that  the  whole  ftrength  of  a  man,  is  reduced 
to  draw  only  27  lb,  with  a  horizontal  diredion. 

Not  but  that  a  man  being  bent  can  fuftain  a 
much  greater  weight  than  27  lb,  feeing  if  the  line 
PH  made  with  HF  an  angle  of  45  degrees^  it  is 
certain  that  the  weight  of  the  body  would  fuftain 
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70  lb,  but  as  he  would  be  bent  according  to 
line  as  AB,  which  would  be  much  more  inclined 
to  the  horizon  than  45  degrees,  it  is  certain  that 
far  from  being  able  to  walk,  he  would  hardly  be 
able  to  fuftain  it. 

The  fame  demonftration  fervcs  alfo  to  fhew, 
that  a  man  v/ill  have  much  more  ftrength  to  draw 
in  walking  backwards  than  forwards.  For  in 
this  fituation  of  the  body,  the  line  ^  PCH  which 
pafTes  from  the  end  of  the  feet  P  thro’  the  centre 
of  gravity  C,  and  whereon  depends  the  augmen¬ 
tation  of  the  force,  will  be  always  more  inclined 
to  the  horizon,  than  the  line  of  the  body  ACB, 
quite  contrary  to  what  it  was  in  the  preceding 
pofition. 

But  this  manner  of  drawing  could  not  be  put 
in  pradlice,  unlefs  it  was  only  to  draw  a  cord, 
the  ‘  man  continuing  always  in  the  fame  place  *, 
and  one  fhould  not  fail  of  putting  one’s  felf  in  this 
poflure  in  fuch  a  cafe,  for  nature  and  experience 
have  taught  us  to  take  always  all  polTible  advan¬ 
tages  in  common  operations. 

It  is  for  the  fame  reafon  alfo  that  our  mariners, 
and  in  general  all  who  row  on  the  fea,  always 
pull  their  oars  from  before  backwards,  for  they 
have  much  more  force  than  if  they  pufhed  them 
forwards,  as  the  gondeliers  of  Venice  do,  for 
which  I  fee  no  other  reafon  than  that  of  feeing 
before  them  *,  which  is  much  more  necefiary  for 
them  than  great  force,  becaufe  of  the  frequent 
turns  they  are  obliged  to  make  in  the  canals, 
and  to  avoid  running  againft  one  another. 

It  remains  for  me  in  the  laft  place  to  compare 
the  ftrength  of  men  with  that  of  horfes  in  draw¬ 
ing,  which  are  the  ftrongeft  of  all  drawing  ani¬ 
mals  ;  but  as  it  does  not  entirely  depend  upon 
*  Fig.  9- 
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their  weight,  as  that  of  men  does,  but  princi¬ 
pally  on  the  mufcles  of  their  body,  and  on  the 
general  difpoficion  of  its  parts,  which  have  a 
very  great  advantage  in  piifhing  forwards,  we 
be  contented  v/ith  the  common  experiment, 
that  a  horfe  draws  horizontally  as  much  as  feven 
men^  and  thus  a  horfe  can  draw  horiz^ontally 
only  a  little  lefs  than  200  lb.  Not  but  that,  when 
loaded,  he  can  draw  a  little  more  \  but  it  is 
but  little  in  proportion  to  our  idea  of  the  great 
ftrength  of  this  animal.  But  as  it  is  ufually  con- 
fidered  as  being  applied  to  fome  wheel-carriage, 
fuph  as  carts,  we  cannot  make  fuch  a  juft  eftima- 
tion  of  it,  becaufe  on  a  fmooth  and  horizontal 
plain  they  need  no  more  force  than  is  neceftary 
to  overcome  the  fridiionsof  the  axle-trees. 

We  may  obferve  again,  that  three  men  will  do 
more  than  a  horfe  in  carrying  a  burden  up  gifteep 
hill  \  for  three  men  loaded  with  100  lb.  each,  will 
rife  more  quickly  and  eafily  than  a  horfe  loaded 
with  300  lb  ^  which  comes  from  the  difpofition  of 
the  parts  of  the  human  body,  which  are  better 
adapted  to  afcend  than  thofe  of  a  horfe. 

We  fee  alfo  by  this  demonftration,  that  thofe 
who  have  thought  to  obtain  a  very  great  advan¬ 
tage  from  the  w^eight  of  the  horfe,  by  applying 
it  to  a  fwipe,  to  move  the  piftons  of  a  pump, 
hfve  not  found  in  the  execution  all  that  they  had 
concluded  by  the  calculation  of  the  weight  of  this 
animal,  fince  at  each  ftep  it  muft  be  obliged  to 
go  up  a  fort  of  ladder. 


IX. 
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IX.  Two  forts  of  wheels  to  draw  water ^  by 

M,  des  Billettes 

I'he  firfi.  It  is  quite  clofed  on  one  fide  by  a 
circle  of  eight  feet  in  diameter,  made  of  planks 
I  inch  I  thick,  fattened  on  a  crols  of  eight  pieces 
of  wood,  which  in  the  centre  of  their  aifemblage 
leave  a  hole  eight  inches  fquare,  in  which  the  end 
of  an  arbor  of  like  bignefs  is  i.iferted,  which 
turning  round  makes  the  wheel  turn  with  it.  The 
oppofite  fide  is  void  from  the  centre  to  about  1 3 
inches  from  the  circumference.  This  fpace  of  1 3 
inches  is  occupied  by  14  buckets  nailed  on  the 
planks,  being  on  the  infide  15  inches  long,  14 
high,  and  1 1  broad.  The  length  is  underftood 
of  the  fpace,  which  they  polfefs  on  the  turn  of 
the  circumference,  the  height  of  their  perpendi¬ 
cular  elevation  on  the  plane,  and  the  breadth  of 
their  fpace  from  the  circumference  to  the  centre. 
The  outer  plank  of  their  length  is  cut  fome  in¬ 
ches,  and  confequently  leaves  an  opening  to  give 
entrance  to  the  water,  every  time  each  bucket  im- 
merges,  all  the  other  five  fides  being  exadly 
clofed.  That  which  covers  their  height  confitts 
of  two  pieces  ;  one  of  which  is  immoveable  ;  the 
other  is  fattened  by  two  pair  of  hi  nges  ;  fo  that 
it  can  open  and  fhut  like  the  lid  of  a  box.  On 
this  lid  is  alfo  fattened  a  latch,  made  alfo  like  the 
common  latches  of  doors,  and  which  being  pref- 
fed  by  a  fpring  placed  on  the  fame  lid,  engages 
itfelf  under  an  iron  catch  fattened  to  the  plank  on 
fhe  fide  of  the  bucket  towards  the  centre,  or  the 
void  of  the  wheel.  And  thus  the  water,  which 
has  entered  the  bucket  by  its  aperture,  remains 
fliut  up  as  long  as  the  latch  holds  the  lid.  But  as 

*  December  9,  1699. 
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foon  as  it  unlatches,  the  weight  of  the  water 
makes  it  immediately  difgorge  into  a  trough  un¬ 
derneath.  This  trough  is  a  foot  high,  and  two  ' 
broad,  and  has  an  iron  hook  Itrongly  fixed,  cal¬ 
led  the  decrochoir  %  becaufe,  as  the  wheel  turns, 
this  hook  catches  at  the  latches  of  the  buckets  fuc- 
cefiively,  and  forcing  their  fpring,  difengages  or 
unhoolvs  them,  from  below  the  catches  which 
held  the  lids  clofe  dov/n.  Then  as  the  wheel 
continues  to  immerge,  the  lids  fiiut,  both  becaufe 
of  the  lofs  of  their  own  weight,  and  becaufe  of  the 
water  which  flrikes  them  on  the  outfide,  and  gives 
liberty  to  the  play  of  the  fprings,  which  hook  the 
latches  under  the  catches  again. 

The  Jeeond  :  It  is  lefs  compound  than  the  other. 
For  it  is  formed  of  two  hoops  which  clofe  it  pa- 
rallelly,  and  contain  between  them  an  arbitrary 
number  volets^  clofed  at  the  bottom,  Tides,  and 
ends :  but  quite  open  at  the  circumference  of  the 
wheel.  What  is  moft  particular,  is  a  curve- trough, 
which  embraces  both  its  planes  by  a  fegment  of  a 
circle  of  about  loo  degrees,  fo  that  below  it  rifes 
a  little  above  the  horizontal  fpoke  of  the  wheel, 
and  confequently  condu6ls  all  the  water  that  it 
draws  to  a  place  above,  where  it  has  a  fpout,  at 
which  the  water  difgorgcs  itfelf  into  a  gutter  pre¬ 
pared  for  the  voidance. 

The  advantage  of  the  fecond  wheel  above  the 
other  is  its  having  a  little  more  fimplicity  in  its 
conftmdlion  ;  but  it  has  alfo  a  great  deal  more 
friefiion,  becaufe  the  trough  mud  touch  the  Tides 
exadfly,  or  elfe  there  will  be  a  great  lofs  of  wa¬ 
ter.  And  this  fri6lion  is  much  more  coi  fider- 
able,  when  towards  the  end  of  the  drawing,  the 
water  having  funk  very  confi  ierably,  the  wheels 
muft  be  inclined  to  the  horizon.  But  the  firfl 
has  neither  fridtion  nor  lofs  of  water,  and  lb  is  in 

all 
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all  poins  the  bed.  With  both  of  them  one  may 
draw  50C0  muids  of  water  in  an  hour. 

X.  Of  the  refijiance  cm/fed  in  machmes^  both 
by  the  fridlions  of  the  parts  of  which  they 
are  compofed^  and  by  the  fiiffnefs  of  the  cords 
employed  in  them^  by  M,  Amontons 

Experiment  i 

We  put  upon  fome  planes  f  A  A,  of  copper^ 
iron,  lead,  and  wood,  anointed  with  old  lard, 
other  planes  BB  of  like  materials,  and  different 
bigneffes  :  they  were  preffed  one  upon  another 
differently  by  fprings,  like  that  reprefented  by 
CCC,  of  which  the  quantity  of  preffure  was 
known.  Thefe  planes  were  changed  all  poffible 
ways,  putting  fometimes  thofe  of  iron  on  thofe  of 
copper,  lead,  and  wood,  and  fometimes  thefe  laft 
on  thofe  of  iron  ;  and  at  each  time  we  obferved 
with  a  fpring  balance  D,  the  quantities  of  force 
neceffary  to  make  them  move,  and  we  found, 

1.  That  the  refiftance  caufed  by  the  fri<ftidnf 
increafes  and  diminifies  only  in  proportion  to  the 
greater  or  lefs  preffures,  according  as  the  parts 
which  rub  have  more  or  lefs  extent. 

2.  That  the  refiftance  caufed  by  the  fridions  is 
nearly  the  fame  in  the  iron,  the  copper,  the  lead, 
and  the  wood,  let  them  be  varied  how  you  will, 
when  thefe  fubflances  are  anointed  with  old  lard. 

3.  That  this  refiftance  is  nearly  equal  to  |  of 
the  preffure.  To  thefe  remarks  we  may  add  a 
fourth,  that  thefe  refiflances  are  between  themfclves 
in  a  ratio  compounded  of  the  weights  or  pref¬ 
fures  of  the  parts  which  rub,  of  the  times  and  of 
the  velocities  of  their  motion. 

*  .Dec.  19,  1699.  f  Plate  VII.  Fig.  1. 
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For  if,  for  inftance,  the  plane  ^  A  is  prelTed 
on  the  horizontal  plane  BBBB  by  a  quantity 
equal  to  30  lb,  according  to  the  third  remark  it 
mull  have  a  power  equal  to  10 /<^.  to  move  it, 
whether  this  plane  is  moved  according  to  any 
right  line  whatfoever  as  AD,  or  according  to  a 
circular  line  as  AE  ;  for  we  may  fuppofe  this 
plane  A  fo  fmall,  that  the  determination  about 
the  centre  C  does  not  produce  an  effed;  which  fen- 
fibly  differs  from  that  which  it  would  produce  ac¬ 
cording  to  the  determination  of  a  right  line.  Now 
it  is  evident,  that  if  inftead  of  applying  the  power 
at  A,  or  any  place  of  the  radius  CA,  we  apply 
it  at  F,  or  any  place  of  the  radius  FC,  as  far 
diftant  from  the  point  C,  as  the  place  where  this 
power  fhould  have  been  applied  towards  A  or  to¬ 
wards  F,  provided  it  is  at  an  equal  dillance  from 
thefe  points,  or  from  the  centre  C.  But  as  it  is 
demonftrated  in  mechanicks,  that  two  forces  do 
not  ad  equally,  but  when  they  are  between  them- 
felves  in  a  reciprocal  ratio  from  the  centre  of  fup- 
port,  it  follows  that  if  the  power,  which  being 
applied  at  A  was  equal  to  the  refiftance  caufed  by 
thefridion  of  the  plane  A,  was  10  lb.  it  mufl  be 
20  lb.  equal  to  the  refinance,  when  this  power  is 
applied  at  G,  fo  that  GC  is  to  AC  as  one  to 
two  :  on  the  contrary,  fuppofing  the  refiftance  at 
G,  and  the  power  at  A,  this  power  needs  be  no 
more  than  5  lb.  to  equal  this  refiftance  *,  and  it 
both  at  A  and  G,  we  fuppofe  a  preffure  equal 
to  that  of  the  plane  A,  the  power  which  fhall  be 
applied  at  A  or  F,  needs  be  no  more  than  1 5  lb. 
to  equal  thefe  two  refiftances  caufed  by  the  two 
prefilires,  each  of  30  lb.  whence  we  fee  that  thefe 
refiftances  are  between  themfelves,  when  the  pref- 
fures  are  equal,  in  proportion  to  the  fpaces  run 

*  Fig.  2. 
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thro’  at  the  fame  time,  and  confequently  that  they 
are  alfo  between  themfelves  in  an  inverfe  ratio  of 
the  times  of  their  motions,  when  the  fpaces  run 
thro’  are  equal  ;  whence  it  follows,  that  if  a  plane 
is  doubly  prelfed,  and  runs  thro’  a  double  fpace 
in  half  the  time  that  another  plane  does,  the 
fri6lion  of  the  firft  will  equal  eight  times  that  of 
the  lad. 

It  is  by  reafoning  according  to  the  above  prin¬ 
ciples,  that  we  know  that  the  friction  in  the  fledge 
makes  a  refiflance  at  leafl  equal  to  f  of  the  weight 
of  the  fledge,  and  of  the  burden  with  which  it  is 
loaded  ;  that  in  the  waggon,  this  refiflance  is  lefs 
than  in  the  fledge,  according  to  the  ratio  of  the 
circumference  of  the  wheel  to  the  hole  of  the  nave 
which  receives  the  axle  *,  and  that  if  this  ratio  is 
as  1 8  to  I,  the  refiflance  caufed  by  the  friction, 
is  in  the  waggon  equal  to  part  of  the  weight 
of  the  body  of  the  waggon,  and  of  the  burden 
with  which  it  is  loaded. 

It  is  in  fliort  by  thefc  principles,  that  we  know 
why  in  all  machines,  and  in  all  weights  which  are 
moved  horizontally  on  a  pivot,  the  friction  is  fo 
inconfiderable,  as  well  as  in  ballances,  let  the 
weight  be  ever  fo  heavy  *,  for  the  ratio  of  the 
hignefs  of  that  part  of  the  pivot  which  rubs,  to 
the  length  of  the  lever  by  which  the  power  adls, 
is  fo  filial  1,  tliat  it  is  almofl:  infen  Able. 

But  tho’  all  the  experiments  above  related  feem  to 
prove  fuflicienrly,  that  the  refiflance  caufed  by  the 
iridion  of  the  furfaces  which  rub,  increafes  or 
diminiflics  according  to  the  greater  or  lefs  pref- 
flires,  and  not  according  to  the  greater  or  lefs  ex- 
rent  of  thefe  furfaces  ;  as  this  does  not  always  fuf- 
fice  to  convince  a  reafonable  mind,  it  is  good 
however  to  efl'ablifli  this  truth  by  dcmonflrating 
ir. 
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Now  if  we  meditate  carefully  on  the  nature  of 
fridlion,  we  fhall  find  it  is  nothing  but  the  a5lion 
by  which  a  body  which  is  preffed  againft  another,^ 
is  moved  on  the  furface  of  that  which  it  touches  ; 
and  that  as  the  furfaces,  which  rub  againft  one  ano« 
ther,  cannot  be  confidered  either  as  rugged  and  un¬ 
equal,  or  as  perfedtly  fmooth,  and  as  it  is  impoflible 
in  the  firft  cafe  that  thefe  inequalities  lliould  be 
partly  convex  and  partly  concave,  and  that  the 
firft  entring  into  the  laft  they  fhould  not  pro¬ 
duce  a  certain  reftftance  when  we  would  make 
them  move,  fince  to  do  that  they  muft  remove 
what  prefles  them  againft  one  another,  and  that 
the  action  of  thefe  inequalities  or  otherwife  the  ef¬ 
fect:  which  they  may  produce,  is  the  fame  with  that 
of  the  inclined  planes,  which  are  ufed  to  raife  bur¬ 
dens  ;  it  follows,  that  the  greater  the  preflure, 
the  more  confiderable  is  the  refiftance  to  the  mo¬ 
tion  :  befides,  in  the  cafe  before  us,  we  muft  fup- 
pofe  the  preflure  to  be  equally  diftributed  in  the 
whole  extent  of  the  furfaces  :  it  follows  alfo,  that 
of  different  furfaces  of  different  extents  loaded 
with  equal  weights,  each  of  the  parts  which  com^ 
pofe  the  great  ones  is  lefs  loaded  than  each  of  the 
parts  of  the  fame  extent  which  compofe  the  fmall 
ones,  and  this  accordint^  to  the  ratio  between 
their  furfaces,  and  that  fo,  for  example,  if  a  fur-^’ 
face  of  a  foot  fquare  or  144  inches,  is  loaded 
with  a  weight  of  144/^.  each  fquare  inch  will  be 
loaded  only  with  i  /b.  whereas  the  fame  weight 
of  144  Ih.  being  fupported  by  a  furface  of  ^  foot, 
or  36  fquare  inches,  each  fquare  inch  will  fuppoit 
4  lb.  and  as  it  is  the  fame  thing  to  raife  to  a  cer¬ 
tain  height  in  a  certain  time  36  times  4  lb.  or  to 
raife  in  the  fame  time  144  /.  to  the  fame  height, 
it  follows  alfo  that  the  refiftance  caufed  by  the 
friclion  of  the  furfaces  of  different  extents  is 
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aiivays  the  fame  when  they  are  loaded  with  equal 
%>-  V  ts,  or,  which  is  the  fame  thing,  when  the 
preiiures  are  equal ;  and  as  when  the  preflures  are 
K  equal,  the  forces  which  they  muft  have  to  raife 
dcTeieiit  weights  to  the  fame  height  in  a  certain 
tiine  axe  between  themfelves  as  thefe  weights  or 
thefe  prelTures,  it  follows  alfo,  that  the  refiftances 
caufeu  by  different  prelfures  are  among  themfelves 
as  thefe  prelfures. 

Firft  remark. 

This  demonftration  always  fubfifts,  whether 
thele  inequalities  are  fuppofed  rigid,  or  whether 
they  are  fuppofed  capable  of  elafticity,  fince  the 
power  which  would  furmiount  the  ftiffnefs  of  a 
ipring,  and  would  make  it  move,  for  example, 
from  *  A  toB,  does  not  differ  from  that  which 
would  raife  to  an  equal,  height,  a  weight  equal  to 
ihe  force  of  this  fpring. 

Second  remark. 

But  if  we  fuppofe  that  the  furfaces  which  rub 
are  without  any  inequalities,  and  conhder  them 
as  mere  mathematical  planes,  we  fhall  find  alfo, 
that  this  propofition  is  true,  fince  how  eafy  fo  ever 
the  lateral  motion  may  be  of  heavy  bodies,  which 
are  not  removed  from  the  centre  of  the  earth,  the 
laws  of  motion  inform  us,  that  the  more  gra¬ 
vity  thefe  bodies  have,  the  more  refiftance  they 
make  againft  being  moved  ;  add,  that  it  is  net 
true  abfolutely  fpeaking,  that  two  mathematical 
planes  can  be  moved  upon  one  another,  in  any  fi- 
tuation  that  they  are  put,  without  one  of  them  re¬ 
moving  from  the  centre  of  the  earth  more  or  lefs, 
according  to  the  fituation  of  thefe  planes,  and 
that  fo  the  greater  the  weights  are  with  which 
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they  are  loaded,  the  more  force  they  require  to 
move  them,  which  has  no  need  ofdemonllration. 

Third  remark. 

Tho’  it  has  juft  been  demonftrated,  that  the 
refiftance  caufecl  by  the  fridlions  augments  ac¬ 
cording  to  the  preftlire,  and  not  according  to  the 
extent  of  the  furfaces  which  rub,  here  is  however 
a  very  particular  cafe ;  in  which,  if  we  attend 
fufiiciently  to  it,  it  appears  to  be  the  quite  con¬ 
trary.  Let  there  be  as  many  planes  as  you  pleafe, 
AAA  A,  prefted  between  others  BBBB,  by  the 
weight  C  taken  at  will.  If  the  planes  as  AA AA, 
can  be  drawn  all  together  by  the  fame  power  D, 
without  the  planes  BBBB  being  able  to  move 
otherwife,  than  to  tranfport  the  preffure  of  the 
weight  C  to  all  the  planes  AA  and  BB,  fuppo- 
fing  befides  all  thefe  planes  without  any  gravity, 
and  that  wc  know  the  refiftance  caufed  by  the 
fridlion  of  one  of  the  planes  A,  againft  one  of 
the  planes  B,  by  the  preffure  of  the  weight  C ; 
the  power  at  D,  which  will  furmount  the  refift¬ 
ance  caufed  by  the  fridlion  of  all  thefe  planes, 
wki  be  to  the  weight  C  multiplied  by  the  number 
of  all  the  planes  Ax4  BB,  minus  i,  as  the  refift¬ 
ance  caufed  by  the  fridtion  of  2  planes  A  and  B, 
preffed  by  the  weight  C,  is  to  the  fame  weight  C; 
and  if  the  particular  refiftance  caufed  by  the 
frieftion  of  2  of  thefe  planes,  is,  for  inftance, 
as  I  to  I,  let  the  number  of  the  planes  be  ii, 
the  power  at  D  muft  be  decuple  of  the  weight 
C,  whence  it  follows,  that  a  very  little  preffure 
may  make  a  refiftance,  greater  and  greater  to  in¬ 
finity,  by  augmenting  alfo  the  number  of  the 
plants  which  rub  ag  dnft  one  another  *,  which 
feems'  at  firft  a  mecr  paradox,  but  the  truth  of 
*  Fig.  4.  . 
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it  is  eafily  known,  by  confidering  that  if  to  over¬ 
come  the  particular  refiftance  caufed  by  the 
friftion  of  2  planes  as  A  and  B,  the  power, 
which  draws  one  of  the  planes,  muft  raife  the 
weight  C  by  a  certain  quantity,  then  the  power, 
which  lhall  make  a  greater  number  of  thefe  planes 
move,  rnuft  raife  thife  weight  by  a  quantity,  double, 
triple,  quadruple,  and  fo  thefe  powers  muft  be 
among  themfelves  as  the  heights  to  which  they 
raife  the  weight.  Now”  as  it  is  the  fame  thing  to 
raife  a  certain  weight  to  a  height  double,  triple, 
quadruple  of  another  height,  or  to  raife  the 
double,  the  triple,  the  quadruple  of  this  weight 
to  this  height  at  the  fame  time,  it  follows  that 
the  o-reat  elevation  of  the  weight  C,  in  the  cafe 
in  queftion,  ferves  inftead  of  gravity,  and  fo 
that  it  is  always  true  to  fay,  that  the  refiftance 
caufed  by  the  fri(ftion,  changes  in  proportion  to 
the  greater  or  lefs  prefiTures,  and  not  according  to 
the  extent  of  the  furfaces  that  rub. 

What  we  have  juft  faid  of  the  great  refiftance 
caufed  by  feveral  planes  engaged  one  in  another, 
tho’  prefted  by  a  very  fmall  weight,  may  ferve 
exceedingly  well  to  explain  the  caufe  of  the  hard- 
nefs  of  the  bodies  called  hard,  and  by  oppofition 
that  of  the  fluidity,  or  liquidity  of  thofe  which 
are  called  fluid  or  liquid  •,  but  we  referve  the  dif- 
courfing  on  it  for  another  time. 

After  having  fufficiently  eftabliflied  what  fric¬ 
tion  is,  its  nature  and  its  laws,  there  remains 
only  to  fay  fomething  of  the  rules  by  which  we 
may  reduce  it  to  calculation,  to  know  the  quan¬ 
tity  of  it  in  the  moft  compound  machines. 

Firfi  rule. 

In  machines  wdiere  there  are  feveral  fri6lions, 
we  muft  examine  them  in  order  one  after  anothei 
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beginning  with  the  neareft  to  the  moving  force, 
comparing  the  firft  with  the  moving  force,  and 
afterwards  all  the  reft  with  the  firft,  to  know  the 
value  of  each  in  particular. 

This  order  is  fo  much  the  more  natural,  as  the 
parts,  which  tranfmit  the  motion  to  the  reft, 
are  nearer  to  the  moving  force,  and  as  there  is 
no  friction,  where  there  is  no  motion,  as  has 
been  already  obferved. 

Second  rule. 

We  ftiall  have  the  value  of  the  firft  fridion 
of  a  machine,  by  comparing  the  fpace  run  thro* 
by  the  part  which  rubs,  to  the  fpace  run  thro* 
by  the  moving  force,  in  the  fame  time,  and  tak¬ 
ing  the  fuitable  proportional  part  in  the  f  of  the 
moving  force. 

We  lhall  eafily  conceive  the  reafon  of  this,  if 
we  confider,  that  in  the  experiment  of  the  fridtions 
above  related,  the  power  was  immediately  applied 
to  the  part  which  caufed  the  fridion,  and  that 
the  fpaces  run  thro’  by  this  part,  and  by  the 
power  in  the  fame  times,  were  confequently  equal ; 
and  that  in  the  calculation  of  a  fridion,  we  muft 
necelTarily  have  regard  to  this  circumftance  *,  it 
being  very  evident,  that  if  the  fpace  run  thro* 
by  the  part  which  rubs,  is  for  inftance,  but  |  of 
that  which  ftiall  be  run  thro’  by  the  power  in  the 
fame  time,  the  fridion  alfo  will  be  but  {  of  what 
it  ftiould  have  been,  if  it  had  run  thro’  an  equal 
fpace,  by  this  axiom,  that  every  effed  is  propor¬ 
tioned  to  the  caufe  from  which  it  refults  *,  and  that 
fo  a  fridion  by  a  fpace  i  lefs  than  another  in  the 
fame  time,  is  an  effed  j  lefs  than  the  other, 
which  has  been  alfo  demonftrated  in  another  man¬ 
ner,  in  confequence  of  the  4th  maxim  of  the 
above  mentioned  experiment.  Now  by  the  third 
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maxim  of  this  experiment,  the  fridion  of  the 
parts  which  rub  is  equal  to  j  of  their  preflure,  and 
this  preflure  in  the  part  of  a  machine  the 
nearefl:  to  the  moving  force,  being  always  double 
of  this  force,  becaufe  the  refiftance  makes  a  like 
effort  with  the  moving  force  upon  this  part,  it 
follows  that  the  firfl;  fridion  of  a  machine  is  al¬ 
ways  equal  to  f  of  this  moving  force,  when  the 
fpace  run  thro’  by  it,  is  equal  to  the  fpace  run 
thro’  by  the  part  which  rubs  in  the  fame  time ; 
and  that  this  fridion  is  lefs  than  the  f  of  this 
force,  in  proportion  as  the  firfl:  fpace  is  lefs  than 
the  fecond,  and  on  the  contrary  ;  and  that  ac¬ 
cording  to  the  ratio  of  the  fpaces  run  thro’  by 
both  in  the  fame  times. 

Third  rule. 

We  fhall  have  the  value  of  the  moving  force, 
when  only  the  refiftance  is  given,  by  calculating 
and  comparing  according  to  the  principles  of 
mechanicks,  the  fpace  v;hich  this  force  has  to 
run  thro’  by  the  difpofuion  of  the  machine,  with 
the  fpace  which  the  weight,  or  the  rcfi fling  force 
ought  to  run  thro’  in  the  fame  time  ;  upon  which 
it  is  to  be  obferved,  that  when  the  refifting  force, 
or  the  moving  force  is  a  weight,  the  fpace,  which 
they  muft  run  thro’,  is  always  meafur’d  by  a 
plumb  line,  whereas,  when  there  are  other 
powers,  this  fpace  is  meafured  according  to  the 
determination  of  the  motion  of  thefe  powers. 

Fourth  rule. 

We  fhall  have  the  total  fridions  of  a  machine, 
when  after  having  compared  each  fridion  with 
the  firft  and  neareft  to  the  moving  force,  we  add 
all  thefe  particular  fridions  in  a  fum  *,  but  we 
muft  not  exped  that  in  augmenting  the  moving 
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force  by  a  quantity  equal  to  this  value,  it  fhould 
be  fufficient  to  fur  mount  the  refilling  force  ;  for 
this  addition  to  the  moving  force  ini  mediately  pro¬ 
duces  a  new  fridlion,  of  which  we  muft  find  the 
value,  and  afterwards  that  of  the  augmentation  ot 
it,  and  that  till  this  quantity  of  fri6lion  proceed¬ 
ing  from  the  augmentation  made  each  time  to  the 
power  is  fo  fmall  that  we  muft  have  no  farther 
regard  to  it ;  for  example,  if  the  refilling  force 
was  100,  the  moving  force  64,  the  total  value  of 
the  fridlions  16,  this  addition  would  produce  alfo 
a  mew  fridlion,  the  value  of  which  would  be  4, 
and  upon  this  another  fridlion,  the  value  of  which 
would  be  i,  if  in  order  to  furmount  the  refilling 
force,  and  aft  the  fridlions  of  the  machine,  the 
moving  force  ought  to  be  equal  to  64  plus  1 6, 
plus  4,  plus  I,  that  is,  equal  to  85  and  plus. 


Experiment  on  the  ftiffnefs  of  cords. 

We  faftened  to  a  fixt  body,  as  to  the  floor  of  a 
chamber,  the  extremities  *  A,  A  of  two  cords 
AC,  AC,  5  or  6  inches  diftant  from  each  other ; 
the  ends  of  thefe  cords  hanging  freely  at  the  bot¬ 
tom,  bore  the  bafon  D  of  a  ballance. 

We  engaged  in  thefe  cords  a  cylinder  of  wood 
BB,  making  each  cord  take  a  turn  the  fame  way 
about  each  end  of  the  cylinder  in  the  manner  re- 
prefented  in  Fig,  6,  we  afterwards  put  at  t  ^ 
pretty  conderable  weight,  and  twilled  about  the 
middle  of  the  cylinder,  the  contrary  way  to  the 
cordtAEFG,  that  is,  the  way  EGF,  a  very 
flexible  tape,  at  the  end  of  which  was  another 
little  fcale  hanging  freely  at  H,  in  which  we  put 
a  fufficient  quantity  of  weights,  to  make  the  cy¬ 
linder  BB  defcend  notwirhlEinding  the  refiftance 
caufed  by  the  ftiffnefs  of  the  cords  AC,  AC. 


*  Fig.  5.  f  Fig.  5. 
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We  made  thefe  experiments  with  cylinders  and 
cords  of  different  bigneffes,  charged  with  different 
weights,  and  after  having  reduced  the  adlion  of  the 
weight  H  to  an  equal  diftance  from  the  point  of 
contact  E,  in  all  the  cylinders,  having  regard  to 
the  weight  of  each  cylinder,  and  ofthebafons  H 
and  D,  we  found  that  at  |  inch  diftance  from  the 
point  E, 

45  ounces  furmounted  the  refiflance  of  two  cords, 
each  three  lines  diameter,  loaded  with 
a  weight  of  20  lb,  and  turned  about  a 
a  cylinder  of  \  inch  ;  that 

90  ounces  furmounted  this  refiflance,  the  weight 
being  40  lb.  and 

135  ounces,  the  weight  being  60  lb. 

Whence  it  follows,  that  the  refiflance  caufed 
by  the  fliffnefs  of  the  cords  about  the  fame  or  equal 
pullies,  increafes  in  proportion  to  the  weights 
which  hang  at  the  ends  of  the  cords, 

Continuing  the  experiment,  we  always  found 
that  at  i  inch  from  the  point  E, 

30  ounces  furmounted  the  refiflance  of  two  cords, 
each  of  two  lines  diameter,  loaded  at 
D,  with  a  weight  of  20  lb.  and  turned 
about  the  fame  cylinder. 

15  ounces  furmounted  the  refiflance  of  two  cords 
of  one  line  diameter,  loaded  in  like 
manner  at  D,  with  a  weight  of  20  lb, 
and  turned  about  the  fame  cylinder. 

Whence  it  follows,  that  the  refiflance  caufed 
by  the  ftiffnefs  of  the  cords  increafes  not  only  in 
proportion  to  the  weights,  which  hang  at  the  ex¬ 
tremities  of  thele  cords,  but  alfo  in  proportion 
to  the  thicknefs  of  thefe  cords,  and  that  fo  upon 
equal  pullies  thefe  rcfiflances  are  between  them- 
felves  in  a  ratio compounded  of  thofe  of  the 
weights  and  of  the  thicknefs  of  the  cords. 


It 
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It  muft  be  obferved,  that  the  refiflance  caufed 
by  the  thicknefs  of  the  cords,  proceeds  only  froni 
this  thicknefs  removing  or  bringing  nearer  the  ac¬ 
tion  of  the  weights  to  the  point  of  fupport,  and  not 
from  their  containing  more  or  lefs  matter  ;  for  if 
it  was  fo,  thefe  reliftances  would  increafe  or  di- 
minifli  according  to  the  fquares  of  the  diameters. 

Continuing  the  experiment,  we  always  found 
that  at  I  inch  from  the  point  E, 

90  ounces  furmounted  the  refiflance  of  two  cords 
of  three  lines  diameter,  loaded  at  D 
with  a  weight  of  60  Ih,  and  turned 
about  a  cylinder  i  inch  i  in  diameter  ; 
that 

1 14  ounces  furmounted  this  refiflance  with  the 
fame  weights  and  cords,  turned  about 
a  cylinder  of  one  inch  in  diameter,  and 
135  ounces,  the  cords  turned  about  a  cylinder  |- 
inch  in  diameter. 

Whence  it  follows,  that  the  refiflance  caufed 
by  the  ftiffnefs  of  cords  of  equal  bignefs,  loaded 
with  equal  weights,  increafes  as  the  diameter  of. 
the  pullies,  about  which  they  are  turned,  dimi- 
niflies,  but  not  according  to  the  fame  proportion  ; 
for  in  the  cafe  now  under  confideration,  tho’  the 
diameters  of  the  pullies  are  between  themfelvcs  as 
the  numbers  i,  2,  3,  yet  the  refiflances  increafe 
only  according  to  the  numbers  90,  114,  135, 
whereas  they  ought  to  increafe  according  to  the 
numbers  90,  180,  and  270,  if  they  followed  the 
proportion  of  the  pullies. 

We  dial!  find  the  overplus  of  the  experiment 
in  the  following  table. 


^he  weight  with  The  refijlance  of  Therefiftanceofthe  The  refinance  of  the  Thicknefsof 
which  the  two  the  cords  about  a  cords  about  a  cy~  cords  about  a  cy^  the  cords. 
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It  were  to  be  wifhed,  in  order  to  determine 
well  the  proportion  of  the  refiftance  caufed  by  the 
ftifFnefs  of  cords  of  equal  thicknels,  loaded  with 
equal  weights,  about  pullies  of  unequal  bignefs, 
that  we  had  a  greater  number  of  experiments  than 
thole  here  related  ;  but  in  the  mean  time,  in  or¬ 
der  to  find  thefe  refinances,  as  well  as  to  find  all 
the  others  already  mentioned,  we  may  make  ufe 
of  the  following  rules. 

Rules  for  the  calculation  of  the  ftiffnefs  of  cords 

in  machines. 

In  the  examination  and  comparifon  which  fliall 
be  made  of  the  refiftance  caufed  by  the  ftiffnefs  of 
the  cords  of  a  machine,  we  fhall  follow  the  fame 
order  as  in  the  fridlions,  and  make  ufe  of  the  ift, 
3d,  and  4th  rules  related  above,  which  fervc 
equally  for  both,  and  which  it  would  be  needlels 
here  to  repeat :  but  to  have  the  firft  refiftance 
caufed  by  the  ftiffnefs  of  the  cords  of  a  machine, 
we  lliall  divide  the  moving  force  by  10,  and 
multiply  the  quotient  by  the  quantity  of  lines  con¬ 
tained  by  the  diameter  of  the  cord,  then  we  ftiall 
take  the  f  |  of  the  produdb,  if  the  diameter  of 
the  pully  is  but  6  lines,  the  if  it  is  12,  and  the 
if  it  is  18,  and  upwards  *,  we  fliall  divide  this 
laft  product  by  the  quantity  of  inches  contained 
in  the  diameter  of  the  pully,  and  the  qu(5tient  of 
the  divifion  will  be  what  is  fought ;  the  reafon 
of  which  is,  that  the  refiftance  caufed  by  the  ftiff¬ 
nefs  of  the  cords  augmenting  according  to  the 
ratio  of  the  weights  with  which  they  are  loaded, 
and  according  to  that  of  the  diameter  of  thefe 
cords,  and  that,  according  to  the  above  experi¬ 
ment,  the  weight  hanging  to  the  extremity  of  a 
cord  I  line  in  diameter,  being  iq  Ih,  when  the 

re- 
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refiftance  is  7  inches  |  on  a  cylinder  of  |  an  inch, 

6  ounces  f  on  a  cylinder  of  one  inch,  and  only  5 
ounces  of  a  cylinder  of  i  inch  -f-  and  upwards,  it 
follows  that  dividing  by  this  weight  of  10  Ih,  the 
weight  equal  to  the  moving  force,  we  have  the 
ratio  of  this  weight  to  the  weight  of  the  experi¬ 
ment,  and  afterwards  the  ratio  compounded  of 
thefe  weio^hts  and  of  the  thicknefles  of  the  cords, 
by  multiplying  the  quotient  by  the  number  of 
lines  contained  by  the  diameter  of  the  cord ;  fo 
that  the  produd  of  this  multiplication  expreffes 
the  augmentation  of  the  refiftance  caufed  by  the 
ftiffnefs  of  the  cords,  which  are  above  a  line  in 
diameter,  and  are  loaded  with  more  than  \olh. 
And  as  by  the  above  experiment  this  refiftance  is 

7  ounces  |,  on  a  pully  of  \  inch,  6  ounces  on  a 
pully  of  I  inch,  and  only  5  ounces  on  a  pully  of 
I  inch  I  and  upwards  *,  it  follows,  that  according 
to  the  diameter  of  the  pully,  we  need  only  mul¬ 
tiply  either  of  thefe  quantities  by  this  produd,  or, 
which  is  the  fame  thing,  take  either  the  f  j  or 
the  or  the  of  it,  to  have  the  quantity  of 
this  refiftance;  but  as  in  this  experiment  the  dif- 
tance  of  the  adion  of  this  refiftance  from  the  point 
of  fupport,  or  the  length  of  the  lever  by  which  it 
refifts  is  \  inch,  it  is  proper  alfo  to  have  regard 
to  that  of  the  pully  ;  and  if  its  radius  or  lever  is 
more  than  |  inch,  that  is,  if  the  pully  is  more 
than  an  inch  in  diameter ;  divide  alfo  the  laft:  pro¬ 
dud  by  the  number  of  |  inches  contained  in  the 
femidiameter,  or,  wdiich  is  the  fame,  by  the 
number  of  inches  contained  in  the  whole  diameter. 

But  if  neither  the  divifion  of  the  weight  equal 
to  the  moving  force,  by  10  lb.  which  is  the  leaft 
weight,  as  a  line  is  the  leaft  thicknefs  of  the  cord, 
in  the  experiment  which  ferves  for  a  foundation 
to  this  calculation,  nor  the  multiplication  of 

the 
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the  quotient  by  the  lines  of  the  diameter  of  the 
cord  have  place,  becaufe  both  of  them,  or  one 
only  may  be  lefs,  we  fbould  need  only  to  take 
the  proportionate  part  of  the  lead  refiftance  which 
is  found  in  the  table  of  the  above  experiment ; 
for  example,  if  we  would  know  the  refiftance 
caufed  by  a  cord  of  a  line  in  diameter,  and 
loaded  only  with  f  of  i  o  lb,  we  need  but  take  f 
or  7  ounces  I,  if  the  diameter  of  the  pully  was  f 
inch,  or  3  of  6  ounces  f  of  this  diameter  was  i 
inch,  or  ^  only  of  5  ounces,  if  this  diameter  was 
I  inch  I  and  upwards ;  having  alfo  regard  to  the 
diameter  of  the  pullies,  that  is,  dividing  alfo  the 
quotient  by  the  number  of  inches  contained  in  the 
diameter  of  the  pully  about  which  the  cord 
fliould  be  thrown  ;  and  if  the  weight,  not  only 
was  lefs  than  10  lb.  but  alfo  the  cord  was  lefs 
than  a  line  in  diameter,  we  muft  alfo,  after  having 
taken  the  proportional  part  for  the  weight  as 
above,  without  having  regard  to  the  diminution 
of  the  cord,  take  alfo  from  the  quotient  another 
proportional  part  for  the  diminution  of  the 
cord  for  example,  if  the  cord  being  loaded 
only  widi  3  lb.  f  was  but  |  line  thick,  after 
having  taken  t  or  7  ounces  j-,  or  6  ounces  j, 
or  5  ounces  as  before,  we  muft  alfo  take  the  |  of 
one  or  other  of  "thefe  quantities,  and  divide  it  by 
the  number  of  inches,  contained  in  the  diameter 
of  the  pully,  to  have  the  refiftance  caufed  by  the 
ftiffnefs  of  this  cord  about  this  pully. 

To  facilitate  the  calculation  of  the  refiftance 
caufed  by  the  ftiffnefs  of  the  cords  in  machines, 
I  have  drawn  up  the  following  table,  wherein  you 
may  find  thefe  refiftances  for  all  fizes  of  cords 
from  I  line  to  30  lines,  loaded  with  all  forts  of 
weights  from  i  lb.  to  100,000. 

I  ^hs 
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^he  ufe  of  the  following  table. 

Seek  in  the  margin  of  this  table  the  diameter 
or  bignefs  of  the  cord  expreffed  in  lines,  and  at 
the  top  of  the  table  the  weights  fupported  by  this 
cord  ;  of  what  you  fliall  find  under  each  weight, 
over-againfi:  the  diameter  of  the  cord,  make  a 
fum,  and  divide  it  by  the  quantity  of  inches  con¬ 
tained  in  the  diameter  of  the  pully  ;  the  quotient 
of  the  divifion  will  be  the  refiftance  caufed  by  the 
ftiffnefs  of  this  cord. 


Example. 


Seek  the  refiftance  caufed  by  the  ftiffnefs  of  a 
cord  of  1 8  lines  in  diameter,  loaded  with  a  weight 
of  12393  /^.  and  palling  about  a  pully  2  inches 
in  diameter. 

For  1O5OOO  lb.  you  will  find  over- 


1125 
168  12 


2,000 

300 


50  10 

I  II 


90 

3 


All  thefe  fums  added  together  make  6971  i 

Which  being  divided  by  2  inches  diameter  of 
the  pully  give  3485/^.  8  ounces!  for  there-* 
fiftance  fought. 

Moreover,  when  the  fame  cord  is  not  equally 
flexible  throughout,  we  muft  not  exped  that  the  cal¬ 
culation  will  always  agree  exactly  with  experience, 
this  not  being  morally  poflible,  but  only  very 
near  :  we  may  fay  as  much  of  the  fridions,  be- 
caufe  the  different  confiftences  of  the  greafe. 


which 
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which  is  more  or  lefs  thick,  and  the  parts  which 
rub  intercepting  more  or  lefs,  make  thefe  refif- 
tances  vary  ;  this  does  not  hinder  the  ufe  of  thefe 
rules  from  fhewing  pretty  exadlly  the  elFedl  to  be 
expelled  from  a  machine,  to  reckon  certainly 
upon  it,  this  extreme  exadtnefs  being  other  wife  of 
no  ufe  5  and  we  may  make  ufe  of  the  prefent, 
till  more  ample  experiments  give  us  room  to 
eftablifli  fome  that  are  more  certain. 

The  ufe  of  pullies  being  very  common,  it  will 
not  be  improper,  before  I  finilh  this  difcourfe, 
and  to  make  trial  of  our  rules,  to  compare  the  re- 
fiftances  caufed,  both  by  the  fridion  of  the 
rundles,  and  by  the  ftiffnefs  of  the  cords  in  pullies 
of  different  bignefifes  *,  and  the  rather  becaufe  thofe, 
who  do  notufually  attend  to  thefe  refiftances,  will 
fee  by  the  calculation,  that  it  is  not  fo  indiffe¬ 
rent  a  thing  as  they  imagine  to  prefer  fmall  pul- 
lies  to  great  ones,  becaufe  of  the  fmall  fpace  that 
they  occupy.  Let  it  be  propofed  therefore  to 
raife  a  load  of  800  lb.  with  a  pulJy  of  24  inches, 
or  with  one  of  3  inches  only  :  in  the  firfl  place, 
it  is  evident,  that  in  both  thefe  pullies  the  rundles 
muft  be  of  equal  flrength,  as  well  as  the  cords, 
fince  they  have  an  equal  weight  to  fupport :  let  the 
rundle  therefore  of  each  pully  be  one  inch  in  dia¬ 
meter,  and  the  cord  20  lines  •,  we  fhall  find  by 
making  the  calculation  according  to  the  above 
rules,  that  in  the  pulley  of  24  inches,  befidesthe 

800  lb.  which  is  wanted  to  equal  the  weight  of 
the  load  propofed  to  be  raifed,  the  mov¬ 
ing  force  mull  alfo  be  augmented  by 
that  of 

2 1  lb.  to  furmourit  the  refiflance  caufed  by  the 
ftiffnefs  of  the  cord,  by  that  of 
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22  lb,  to  furmount  the  rehftance  caufed  by  the 
fri6tion  of  the  rundle,^  and  alfo  by  that  of 

I  lb,  to  furmount  the  refiftance  caufed  by  the 
ftiffnefs  of  the  cord,  becaufe  of  the  aug¬ 
mentation  of  21  lb,  and  22  lb,  and  laftly 
by  that  of 

I  lb,  to  furmount  the  refiftance  caufed  by  the 
fri(ftion  of  the  rundle,  becaufe  of  the  faid 
augmentation  of  21  lb,  and  22  lb,  all 
thefe  weights  together  making  that  of 
%\^lb,  fo  that  a  moving  force  fuperior  to  this 
weight  will  raife  with  the  pully  of  24  in¬ 
ches  diameter,  the  weight  propofed  of 
8co  lb. 

But  with  the  pulley  of  3  inches,  the  fame  cal¬ 
culation  ftiews  us,  that  befides  the  weight  of 
800  lb,  neceffary  to  equal  the  load,  there  muft 
alfo  be  that  of 

i6j  lb,  to  furmount  the  refiftance  caufed  by  the 
ftiffnefs  of  the  cord  ;  that  of 
178  lb,  to  furmount  the  refiftance  caufed  b,y  the 
fri6lion  of  the  rundle*,  that  of 

37/^.  to  furmount  the  refiftance  caufed  by  the 
ftiffnefs  of  the  cord,  becaufe  of  the  aug¬ 
mentation  of  the  167  lb.  and  178  lb. 
that  of 

38  lb,~  to  furmount  the  refiftance  caufed  by  the 
frid:ion  of  the  rundle,  becaufe  of  the  faid 
augmentation;  that  of 

8  lb.  to  furmount  the  refiftance  caufed  by  the 
ftiffnefs  of  the  cord,  becaufe  of  the  aug¬ 
mentation  of  the  37  lb.  and  38  lb,  f;  and 
laftly,  that  of 


8 
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8  Ih,  j  to  furmount  the  refiftance  caufed  by  the 
fridion  of  the  rundle,  becaufe  of  the  aug¬ 
mentation  of  the  faid  37/^.  and  38  lb, 

All  which  weights  together  make  that  of 
12^6  lb.  f,  that  is,  391  lb.  f  more  than  with  the 
pully  of  24  inches,  in  which  the  cord  and  the 
rundle  do  not  make  a  refiftance  equal  to  of  the 
burden,  whereas  in  that  of  3  inches  the  fame  re¬ 
fiftance  is  more  than  |  the  fame  load. 


R  2 
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Weights  fupported  by  the  cords. 


1 

b. 

Ib. 

2 

Ib. 

3 

lb. 

4 

Ib. 

5 

lb. 

6 

lb. 

7 

lb. 

8 

lb. 

9 

lb. 

10 

oun,  dr  /.  o««. 

0««.  i//*,'/. 

o««. 

/. 

oun.  dr. 

I. 

oun. 

/.  o««.  dr. 

/. 

oa«. 

I. 

o«a.  dr. 

/. 

5K«. 

• 

4 

I 

I  4 

2 

2  4 

3 

3 

4 

4 

4  4 

5 

2 

I 

0 

2 

3  0 

4 

5  0 

6 

7 

0 

8 

9  0 

10 

_ 3 

I 

4 

3 

4  4 

6 

7  4 

9 

10 

4 

12 

13  4 

J 

2 

0 

4 

6  0 

8 

10  0 

12 

H 

0 

I 

0 

* 

2  0 

I 

4 

5 

2 

4 

5 

7  4 

10 

12  4 

15 

1 

I 

4 

I 

4 

•i 

6  4 

I 

9 

6 

3 

0 

6 

9  0 

12 

15  0 

I 

2 

I 

5 

0 

I 

8 

I 

II  0 

I 

H 

7 

3 

4 

7 

10  4 

H 

I 

*  4 

I 

5 

I 

8 

4 

I 

12 

I 

15  4 

2 

3 

'  8 

4 

0 

8 

12  0 

I 

0 

I'l 

4  0 

I 

8 

I 

12 

0 

2 

02 

4  0 

2 

8 

9 

4  4 

9 

13  4 

I 

2 

I 

6  4 

I 

1 1 

I 

15 

4 

2 

4 

2 

8  4 

2 

13 

lO 

5 

0 

10 

15  0 

1 

4 

9  0 

I 

H 

2 

3 

0 

8 

2 

13  0 

3 

2 

1 1 

5 

4 

1 1 

I 

0  4 

6 

I 

II  4 

2 

I 

2 

6 

42 

12 

3 

I  4 

3 

7 

6 

0 

12 

I 

2  0 

I 

8 

I 

14  0 

2 

4 

2 

10 

1 

03 

0 

3 

6  0 

3 

12 

>3  — 

2  *3 

6 

4 

13 

I 

3  4 

I 

loT 

0  4 

2 

7 

2 

13 

4'3 

4 

3 

10  4 

4 

I 

7 

0 

14 

I 

5  0 

I 

I  2'2 

3  0 

2 

10 

3 

1 

03 

8 

3 

15  0 

4 

6 

7 

4 

15 

1 

6  4 

I 

H 

5  4 

2 

13 

3 

4  4'3 

12 

4 

3  4 

4 

II 

^  16 

•s. 

8 

0 

I  0 

8  0 

0 

2 

8  0 

3 

0 

3 

8 

04 

0 

4 

8  0 

5 

0 

- 

|i7 

8 

4 

I  I 

I 

9  4 

2 

2 

2 

10  4 

3 

>> 

1 1 

44 

4 

4 

12  4 

5  5 

-S  18 

9 

0 

I  2 

I 

1 1  0 

2 

4 

2 

13  0 

3 

6 

3 

*5 

0 

4 

8 

5 

I  0 

5 

10 

19 

9 

4 

'  3 

I 

12  4 

2 

6 

2 

15  4 

3 

9 

4 

2 

4 

4 

12 

5 

5  4 

5 

IS 

20 

10 

0 

I  4 

I 

14  0 

2 

8 

3 

2  0 

3 

12 

4 

6 

0 

5 

0 

5 

10  0 

6 

4 

21 

10 

4 

*  5 

I 

15  4 

2 

10 

3 

4  4 

3 

*5 

4 

9 

4 

5 

4 

5 

14  4 

6 

9 

22 

1 1 

0 

I  6 

2 

I  0 

2 

12 

3 

7  0 

4 

2 

4 

»3 

0 

S 

8 

6 

3  0 

6 

— 

14 

23 

1 1 

4i 

I  7 

2 

2  4 

2 

H 

3 

9  4 

4 

5 

5 

0 

4 

S 

12 

6 

7  4 

7 

3 

24 

1 2 

o|i  8 

2 

4  0 

3 

0 

- 

3 

12  0 

4 

8 

5 

4 

0 

6 

0 

6 

12  0 

7 

8 

25 

12 

i 
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YA.Adefcription  of  the  heart  of  the  tortoife^mtd 
of  fome  other  animals^  by  M.  du  Verney^. 

Part.  I.  Se6t.  I.  ne  ft ruSiure  of  the  heart  of 

the  tortoife. 

Before  I  opened  the  heart  of  the  great  tortoife, 

1  obferved,  that  the  fcale,  which  cover’d  it,  was 

2  feet,  3  inches  long,  to  2  feet  i  inch  broad, 
and  its  under  fcale  i  foot  5  inches  long,  to  i  foot 
2  inches  broad  ;  whereas  the  upper  fcale  of  cur 
common  tortoifes  is  but  6  or  7  inches  long  to  5  f 
broad,  and  the  under  one  3  inches  |  broad,  to  5 
or  6  inches  long. 

The  pericardium  of  thefe  animals  is  a  mem¬ 
brane  of  a  very  clofe  texture.  Thro’  all  its  cir¬ 
cumference,  it  is  clofely  united  with  the  perito^ 
n^umy  and  its  capacity  is  very  large  in  propor¬ 
tion  to  the  bulk  of. the  heart  -f. 

This  heart  is  fituated  in  the  upper  part  of  the 
thoraXy  above  the  liver :  there  is  no  inediaftwum. 
In  the  fmall  tortoifes,  there  is  a  ligament,  which 
goes  from  the  apex  of  the  heart,  and  is  faflened 
to  the  bottom  of  the  pericardium  *,  there  is  none 
in  the  American  tortoife.  This  ligament  is  a 
prolongation  of  the  membrane  which  wraps  the 
fibres  of  the  heart  %. 

The  figure  of  the  heart  of  the  great  tortoife  is 
hemifpherical  *,  its  lower  part  being  convex,  and 
the  upper  plain,  but  a  little  dented  in  the  middle, 
which  is  the -place  where  the  auricles  and  arteries 
are  implanted,  fo  that  this  heart  pretty  much  re- 
fembles  the  kidney  of  a  fheep  ;  but  in  our  fmali 
tortoifes  it  is  drawn  out  a  little  into  a  point  [j. 

+  Plate  VI n.  Fig,  I, 

II  Fig.  2  and  3. 
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In  the  great  tortoife,  the  heart  being  meafured 
from  the  middle  of  the  hafis  to  the  apex  is  i  inch 
5  lines ;  and  about  3  inches  from  one  of  the  fides 
of  the  hafts  to  the  other  ;  but  in  one  of  the  parts, 
the  diftance  from  the  middle  of  the  hafts  to  the  apex 
is  but  6  lines,  and  9  lines  from  one  of  the  fides 
of  the  hafts  to  the  other. 

We  fee  under  the  right  auricle  of  the  heart 
of  thefe  animals,  a  fort  of  refervoir  of  an  oblong 
figure,  and  pretty  like  that  of  a  blown  up  blad¬ 
der  ;  it  is  formed  by  the  concourfe  of  feveral 
veins.  The  right  axillary,  and  the  vena  cava 
inferior  open  into  the  right  fide  of  this  refervoir, 
one  at  top  and  the  other  at  bottom.  On  the  other 
fide  we  fee  in  a  like  fituation  the  left  axillary,  and 
a  vein  which  returns  the  blood  from  the  left  part 
of  the  liver.  The  coronary  vein  and  fome  other 
vefTels,  which  proceed  from  the  neighbouring 
parts,  empty  themfelves  alfo  into  it  *,  and  as  the 
jugulars  difcharge  themfelves  into  the  axillaries, 
this  caufes  the  blood  of  all  the  veins  to  be  brought 
back  into  this  refervoir,  except  that  of  the  veins 
of  the  lungs*. 

This  refervoir  is  furniflied  on  the  infide  with 
feveral  flefhy  fibres,  which  crofs  and  interlace  one 
another,  almoft  like  thofe  on  the  infide  of  the  au¬ 
ricles  of  the  human  heart.  All  the  veins,  which 
ferve  to  form  this  refervoir,  are  alfo  furnifhed 
with  fibres,  which  are  interlaced  in  the  fame 
manner-y. 

^  This  refervoir  alfo  towards  its  middle,  opens 
into  the  right  auricle,  on  the  fide  towards  the  up¬ 
per  fcale  11 . 

The  2  pulmonary  veins  rife  along  the  lower 
fide  of  each  branch  of  the  trachea ;  the  right, 

*  Plate  IX.  Fig.  3.  and  Plate  X.  Fig.  2. 
f  Plate  IX.  Fig.  4.  1|  Fig.  i  and  2. 

having 
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having  run  thro’  the  pericardium^  pafTes  behind 
the  refervoir,  and  advances  to  the  left  auricle. 
The  left  pulmonary  vein  having  alfo  run  thro’ 
the  pericardium^  hides  itfelf  behind  the  axillary 
on  the  fame  fide,  and  unites  with  the  right  pulmo¬ 
nary,  to  the  pofterior  part  of  the  left  auricle,  near 
its  neck,  where  they  form  a  fort  of  refervoir^. 

At  the  opening  of  the  great  refervoir  into  the 
right  auricle,  there  are  2  valves  fituatedfomething 
obliquely  with  regard  to  the  right  auricle.  They 
refemble  2  eye-lids,  and  are  compofed  of  flefhy 
fibres  produced  by  thofe  of  the  auricle.  At  their 
exterior  angle,  they  are  faflened  by  a  bundle  of 
fibres,  which  rifing  a  little  obliquely  towards  the 
bottom  of  the  auricle,  expand  themfelves  and 
are  loft  in  it. 

The  lower  valve  has  a  little  more  extent  than 
the  upper  one,  and  when  they  join,  they  Qiuc 
this  aperture  exadlly 

The  bafon  of  the  little  refervoir,  is  alfo  furniflied 
on  the  infide  with  flefhy  fibres,  but  in  lefs  quan¬ 
tity  than  that  of  the  great  refervoir.  In  the  fmall 
tortoifes  (which  I  have  not  feen  in  the  great  one) 
there  is  at  its  outlet  a  flefhy  valve  in  form  of  a 
half  moon,  turned  fo  that  the  angles  are  towards 
the  right  auricle.  It  is  like  that  which- is  found 
in  birds  that  have  the  opening  of  the  trunk  of 
the  pulmonary  vein  into  the  auricle  [j. 

The  auricles  are  of  different  bignefs;  the  right 
has  a  greater  capacity  than  the  lafc:  they  referable 
two  purfes,  which  lying  fide  by  fide,  are  joined 
together  at  their  aperture,  that  is,  at  the  fhorteft 
part ;  they  are  feparated  from  each  other  at  this 
place  by  a  membrane :  this  feparation  is  a  little 

*  Fig.  I  and  5.  ft  Plate  XI.  Fig.  1. 

[|  Plate  IX.  Fig.  2.  and  Plate  VIII.  Fig.  3. 
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leaning,  towards  the  middle  of  the  bqfis  of  the 
heart,  but  more  to  the  left  fide  than  the  right. 

This  membrane  is  covered  in  its  greateft  part 
with  flelhy  fibres,  which  are  continuations  of 
thofe  of  the  auricles :  the  hafts  of  it  is  quite  ten¬ 
dinous,  and  fo  thin  that  you  may  fee  thro’  it  *,  it 
is  fafiiened  between  the  2  valves,  which  are  at 
the  outlets  of  the  auricles,  and  of  which  we  lhall 
fpeak  afterwards*. 

The  bottom  of  thefe  aurieles  is  fpherical,  and 
much  bigger  than  the  place  where  they  join  :  they 
contradt  themfelves  towards  the  hafts  of  the  heart, 
and  form  a  fort  of  neck,  which  is  divided  into 
two  by  the.  membranous  partition  fpoken  of 
above  i". 

All  the  infide  of  thefe  auricles  is  furniflied 
with  mufcular  fibres,  which  are  interlaced  fo  many 
different  ways,  that  they  compofe,  efpecially  m 
the  fmall  tortoifes,  a  very  fporgy  texture  *,  which 
makes  them,  when  fwoln  and  dried,  in  fome  mea- 
fure  refemble  thefubilance  of  the  lungs:  the  mem¬ 
brane,  which  feparates  them,  is  quite  fmooth  ||. 

At  the  outlet  of  each  auricle  there  is  a  valve, 
and  thefe  2  valves  are  joined  together  by  one  of 
their  extremities,  and  covered  with  flefhy  fibres, 
diredled  from  one  fide  of  the  hafts  of  the  heart  to 
the  other.  The  membrane  between  the  auricles, 
is  faflened  on  the  outfide  to  the- middle  of  thefe  2 
valves,  as  li.is  been  laid,  and  thus  makes  the  fepa- 
ration  in  this  place.  By  tiie  fide,  which  they 
have  at  liberty,  they  may,  by  falling  and  be¬ 
coming  concave,  let  the  blood  pafs  from  the  au¬ 
ricles  into  the  heart,  and  on  the  other  they  hinder 
the  return  of  it  by  rifing.  Thus  we  fee,  that 
tho’  thefe  2  valves  joiaed  together  make  a  fort  of 

*  Plate  VIII.  Fig.  2.  Plate  X.  Fig.  3.  and  Plate  XI. 
Fig.  I  and  2.  -f  Plate  X.  Fig.  2  and  3.  |)  Plate  XI.  Fig.  i. 
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long  fquare,  when  they  are  applied  againft  the 
apertures  ol  the  auricles,  yet,  when  the  blood 
pafTes  thither,  each  reprefents  feparately  the  quar¬ 
ter  of  a  concave  oval,  oppofed  and  joined  to  ano¬ 
ther  by  the  fummit*. 

Thefe  valves  have  this  in  common  with  that  of 
the  foramen  ovale  of  the  fcetus^  that,  when  they 
open  the  pafTage  to  the  blood,  they  become  hol¬ 
low  like  gutters,  and  when  they  dole  and  apply 
themfelves  againft  the  hole,  they  become  flat. 
Two  things  alfo  contribute  to  apply  them  againft 
the  hole :  the  firft  is  the  impulfe  of  the  blood  ; 
the  fecond  is  the  ad  ion  of  the  flefhy  fibres,  which 
compofe  them:  thefe  fibres  from  crooked  becoming 
ftrait,  and  the  blood  which  ftrikes  againft  thefe 
valves  thus  flatted,  and  applied  againft  their 
holes,  maintaining  them  in  this  ftate. 

There  are  3  cavities  in  the  heart  of  this  animal, 
one  is  in  the  right  fide  of  the  part  which  I  call 
the  anterior,  which  is  that  towards  the  under 
fcale  *,  the  2  others  occupy  the  part  which  I  call 
the  pofterior,  which  is  towards  the  upper  fcale-f . 

Of  the  2  cavities  in  the  pofterior  part  of  the 
heart,  I  fliali  hereafter  call  the  firft  cavity,  that 
which  receives  the  blood  from  the  right  auricle ; 
the  fecond  cavity,  that  which  occupies  the  whole 
left  part,  and  receives  the  blood  from  the  left 
auricle  \  and  the  third  cavity,  that  which  is  to¬ 
wards  the  right  fide  of  the  anterior  part  of  the 
heart,  and  into  which  the  pulmonary  artery 
opens. 

The  texture  of  the  infide  of  the  heart,  is  fur- 
nifhed  with  flefhy  columns  of  different  fizes,  in¬ 
terlaced  with  each  other. 

There  are  feveral,  which  rifing  from  the  mid¬ 
dle  of  the  pofterior  face,  up  to  the  bafts  on  the 

*  Plate  XI.  Fig.  I.  and5.  f  Fig,  i,  and  2. 
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fame  fide,  leave  under  the  valves  of  the  auricles 
a  paffage,  by  which  the  firft  and  fecond  cavity 
communicate  together  *,  fo  that  we  may  truly 
fay  it  is  but  one.  As  the  firfl  cavity  communi¬ 
cates  likewife  with  the  third,  we  muft  alfo  fay 
that  all  the  3  make  but  one  ;  the  blood  which  is 
emptied  into  the  heart  by  the  right  and  left  auricle, 
being  able  to  mix  eafily,  and  to  enter  from  one 
cavity  into  the  other. 

The  valve  of  the  outlet  of  the  right  auricle  is 
lo  difpofed,  that  the  blood  which  pafTes  into  it 
bowing  from  left  to  right  tends  only  to  fill  the 
firft  cavity  ;  which  communicating  with  the  third, 
the  blood  enters  at  the  fime  time  :  but  the  valve 
of  the  left  auricle  being  turned  from  right  to  left, 
the  blood,  which  comes  from  it,  fills  at  firft 
only  the  fecond  cavity 

We  have  faid  that  the  texture  of  fiefiiy  fibres, 
which  feparates  the  firft  cavity  from  the  fecond, 
leaves  a  paffage  for  the  blood  to  go  from  one  to 
the  other.  I'his  pafiage  is  of  the  fame  length 
with  the  hafts  of  the  valves,  and  is  about  3  lines 
in  diameter  *,  fo  that  the  valves  being  depreffed, 
there  always  remains  an  aperture,  and  the  com¬ 
munication  of  the  firft  and  fecond  cavity  is  not 
entirely  hindred  by  it^. 

It  muft  be  obferved  in  this  place,  that  the  com¬ 
munication  of  the  firft  cavity  v/ith  the  third,  is 
made  by  an  arched  aperture,  compoffd  of  flefhy 
fibres  about  2  lines  in  diameter.  This  aperture  is 
on  the  right  fide  of  the  anterior  face  of  the 
heart,  near  the  outlet  of  the  artery,  v/hich  I  ftiall 
call  the  left  branch  of  the  dffcending  aorta 


The  fiirface  of  the  heart  appears  all  over  of  an 
equal  thicknefs :  thence  it  comes  that  there  being 
2  cavities  one  upon  the  other  in  its  right  part, 
rhtcXI.  Fig  p 
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their  Tides  are  lefs  thick  than  thofe  of  the  fecond 
cavity  ;  but  the  Tides  of  the  firft  are  alTo  thicker 
than  thofe  of  the  third  *. 

This  heart  is  compofed  of  feveral  orders  of  fi¬ 
bres  *5  the  exterior  ones  defcribe  curve  lines,  and 
appear  to  be  diredled  from  left  to  right ;  the  in¬ 
terior  ones  form  feveral  columns,  as  has  been 
faid,  whence  arife  thefe  forts  of  partitions,  which 
feparate  the  cavities  of  the  heart  *,  and  being  inter¬ 
laced  various  ways  leave  as  it  were  fo  many  little 
cells,  which  communicate  with  each  other ;  which 
makes  the  heart  when  fwoln  and  dry  to  appear 
all  over  fpongy. 

Towards  the  right  part  of  the  anterior  face  of 
the  hafts  of  the  heart,  there  proceed  3  confiderable 
arteries:  2  of  thefe  arteries  compole  the  aorta^ 
and  open  into  the  firft  cavity  of  the  heart.  The 
orifices  of  this  are  placed  between  the  outlet  of 
the  right  auricle,  and  the  aperture  which  makes 
the  communication  of  the  firft  cavity  with  the 
third,  and  they  are  fo  near  as  to  touch  one 
another -f. 

The  third  artery,  which  is  that  of  the  lungs, 
proceeds  immediately  from  the  third  cavity  of  the 
heart  "f*.  , 

The  outlets  of  thefe  3  veflels  are  fupported  by 
an  almoft  femicircular  cartilage,  to  which  allb 
their  valves  are  faftened  ;  and  at  each  of  thefe 
outlets  there  are  2  figmoidal  valves,  which  have 
the  fame  ufe  as  in  other  animals  j. 

Thefe  arteries  are  clofely  united  ;  two  of  them 
are  almoft  in  front,  namely  that  which  I  call  the 
left  branch  of  the  defeending  aorta^  and  the  pul- 

*  Fig.  I  and  2.  4  Plate  VIII.  Fig.  2,  Plate  IX. 

Fig.  I.  Plate  X.  Fig.  i.  and  Plate  XI.  Fig.  5. 
t  Fig  2,  3,  and  4. 
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monary  artery,  and  behind  thefe  is  that  which  I 
call  the  firft  trunk  of  the  aorta*. 

In  our  fmall  land  tortoifes,  thefe  arteries  are 
embraced  at  their  origin  by  a  ring  of  flefby  fi¬ 
bres  :  there  was  none  in  the  heart  of  the  American 
tortoife  f . 

Thefe  3  vefiels,  after  having  rifen  to  a  certain 
height,  are  bent  back  again. 

This  artery,  which  makes  the  firfl  trunk  of  the 
aorta^  foon  after  its  origin  divides  into  2  branches, 
one  of  which  rifes,  and  diftributes  itfelf  to  the 
fore  parts,  and  to  all  the  upper  parts,  I  fiiall 
call  it  the  afeending  aorta  \  the  other  defeends 
bending  under  the  ventricle,  without  making  any 
branch,  and  joins  itfelf  to  the  left  branch  of  the 
defeending  aorta,,  1  ftiall  call  it  the  right  branch 
of  the  defeending  aorta  f. 

The  left  branch  of  rhe  defeending  aorta  bends 
alfo  on  the  left  fide  of  the  heart,  and  without 
making  any  branch,  it  defeends  alfo  under  the 
ventricle,  and  in  this  place  furnifhes  2  arteries, 
the  fuperior  of  which  is  in  the  room  of  the  coe- 
liac,  and  the  inferior  in  the  room  of  the  mef- 
enteric ;  afterwards  it  is  united  with  the  right 
branch  of  the  defeending  aorta,,  and  thefe  2 
branches  thus  re- united  form  the  trunk  of  the 
defeending  aorta,,  which  is  diftributed  into  the 
parts  of  the  lower  belly,  and  all  the  lower  extre¬ 
mities  %. 

The  pulmonary  artery,  which  immediately 
touches  the  left  branch  of  the  defeending  aorta, 
arifes,  as  has  been  (aid,  from  the  third  cavity  of 
the  heart :  this  artery  is  very  big,  and  is  as  much 
in  diameter  as  the  firft  trunk  of  the  aorta  :  after 
having  rifen  a  little,  it  divides  into  two  b'anches, 

*  Plate  X.  Fig.  I.  t  Plate  VIII.  Fig.  3. 

J  Fig.  2.  and  Plate  IX.  Fig.  i. 
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which  are  bent  alfo,  one  of  which  goes  to  the  left 
part  of  the  lungs,  and  the  other  to  the  right 

The  coronary  artery  is  compofed  of  one  fingle 
trunk,  which  proceeds  from  the  firft  trunk  of 
the  aorta^  a  little  above  the  figmoid  valves,  and 
it  is  diftributed  to  the  heart  and  auricles  |]. 

Sed.  II.  ftru5iure  of  the  heart  of  the  frog. 

The  heart  of  the  frog  is  of  a  conical  figure, 
like  that  of  moft  animals,  and  inclofed  in  ^peri¬ 
cardium^  which  has  lefs  capacity  in  proportion, 
than  that  of  the  tortoife. 

There  is  under  this  heart  a  fort  of  round  refer- 
voir,  about  three  lines  in  diameter. 

The  vena  cava  inferior^  proceeding  from  the 
liver,  receives  a  great  vein  on  each  fide ;  one  be¬ 
longing  to  the  right  and  the  other  to  the  left  part 
of  this  bowel. 

The  concourfe  of  thefe  three  veflels  ferves  prin¬ 
cipally  to  form  this  refervoir,  which  receives  the 
axillaries  on  each  fide :  the  coronary  vein  is  alio 
difcharged  into  it'f. 

This  refervoir  opens  above  and  towards  the 
right  fide  of  the  auricle  :  its  outlet  is  furnifhed 
with  two  valves,  fituated  obliquely  with  regard  to 
the  auricle :  they  form  together  as  it  were  two 
eye-lids :  the  upper  is  larger  than  the  lower,  as 
well  as  in  the  tortoife,  and  they  have  the  fame 
ufe  J. 

To  each  part  of  the  lungs  towards  the  back,  is 
faftened  the  trunk  of  the  vein  which  returns  the 
blood  from  it ;  both  thefe  veins,  in  quitting  the 
lungs,  proceed  about  two  lines,  inclining  to¬ 
wards  each  other  ;  and  uniting  form  but  one 

*  Plate  VIII.  Fig.  2.  Plate  IX.  Fig.  i .  and  Plate  X. 
Fig.  I.  II  Plate  X.  Fig.  3  and  4.  \  Plate  XII. 

Fig.  I.  tFig2. 

VoL.  I.  N®.4.  T  trunk, 
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trunk,  which  is  ftuck  to  the  upper  part  of 
the  refervoir.  This  trunk  alfo  opens  into  the  au¬ 
ricle  immediately  above  the  outlet  of  the  refer¬ 
voir  into  the  auricle  ||. 

There  is  but  one  auricle  in  the  heart  of  this  :  it 
is  fpherical,  and  it  not  only  covers  the  whole 
bafis  of  the  heart,  but  has  a  great  deal  more  ex¬ 
tent. 

Its  outlet  is  very  large,  and  furnifiied  with  two 
valves,  one  of  which  is  fattened  to  that  part  of 
the  bafts  of  the  heart  towards  the  fpine,  and  the 
other  to  the  oppofite  part  of  the  fame  bafts  :  they 
are  femicircular,  fhaped  almott  like  thofe  which 
we  call  figmoid  ;  fo  that  the  blood  being  driven 
upwards  in  the  contraction  of  the  heart  fwells 
them,  and  brings  the  two  edges  exactly  toge¬ 
ther 

In  this  heart  there  is  only  one  ventricle,  and 
the  fides  of  it  are  very  thin  ;  the  flefhy  fibres  of 
its  inner  part  interlace  in  fo  many  different  man¬ 
ners,  that  they  compofe  a  very  fpongy  texture. 

There  is  alfo  but  one  artery  which  proceeds 
immediately  from  the  right  bafts  of  the  heart  : 
this  vettel  from  its  origin  lies  on  the  right 
fide  of  the  auricle,  of  which  it  covers  almott  j  ; 
and  it  goes  obliquely  to  the  length  of  about  two 
or  three  lines ;  and  afterwards  divides  into  two 
branches,  one  of  which  goes  to  the  right,  and  the 
other  to  the  left,  bending  a  little:  each  of  thefe 
branches  is  fubdivided  into  three  others  f . 

Of  thefe  three  the  upper  one  towards  the  head 
is  divided  into  two  branches,  one  of  which  is 
dittributed  to  all  the  parts  under  the  throat,  and 
the  other  rifes  to  the  brain. 

II  Plate  XII.  Fig.  3.  Fig.  4.  |  pig, 
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The  branch  of  the  middle  one,  which  is  the 
biggeft,  bends,  and  forms  the  defcending  aorta, 
Over-againft  the  arm-pit  it  is  divided  into  two 
great  branches,  the  fmalleft-^of  which  is  diftributed 
to  the  mufcles  under  the  flioulder,  upon  the  back 
and  on  the  head  ;  the  other,  which  is  much  big¬ 
ger,  forms  the  axillary.  Afterwards  this  branch 
defcends  below  the  heart,  throwing  off  feveral 
branches,  which  go  to  the  fpine  ;  and  uniting 
with  that  on  the  oppofite  fide,  they  form  but  one 
trunk,  whence  proceeds  a  great  branch,  which 
is  inftead  of  the  coeliac  and  mefenteric  :  this 
trunk  is  afterwards  diftributed  to  all  the  lower 
parts. 

The  third  branch,  which  is  the  lower,  divides 
alfo  into  two  others,  the  fmalleft  of  which  is  di¬ 
vided  into  two  branches,  which  diftribute  them- 
felves  among  the  mufcles,  ferving  for  the  motions 
of  the  head  :  the  other  branch  is  divided  into 
three  or  four  confiderable  branches,  which  at 
their  origin  are  faftened  to  the  lungs,  and  make 
an  infinite  number  of  other  fmall  branches,  which 
communicate  together,  and  embrace  on  all  fides 
above  and  below 

This  aorta  has  two  figmoidal  valves  at  its  open¬ 
ing  into  the  heart ;  and,  as  we  have  faid,  it  rifes 
obliquely  the  fpace  of  about  three  lines,  and  in 
this  place  it  is  covered  again  with  circular  flefhy 
fibres.  Within  this  veffel,  there  is  in  the  middle 
a  cartilaginous  lamhta^  faftened  only  to  the  part 
of  the  canal  towards  the  fpine,  and  turned  fpi- 
rally  from  left  to  right. 

This  lamina  is  terminated  in  a  figmoidal  valve, 
and  on  the  fide  there  are  tv^o  others  of  the  fame 
figure,  each  fuftained  by  a  little  cartilaginous  but¬ 
ton  :  they  are  all  three  fituated  at  the  place  wdiere 

^  Plate  XII  Fig.  5. 
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this  vefTcl  begins  to  divide  ;  and  when  they  are 
raifed,  they  clofe  the  entrance  very  exadtly  -f. 
This  mechanifm,  which  is  very  fingular,  has 
however  a  great  fimilitude  with  that  of  the  aorla 
of  fome  fifhes.  For  in  the  fkate,  and  feveral  o- 
thers,  the  aorta^  at  its  origin,  is  alfo  cloathed 
with  very  thick  circular  flefhy  fibres,  to  the 
length  of  about  an  inch  ;  and  there  appear  on 
the  infide  four  rows  of  cartilaginous  tubercles,  be¬ 
tween  which  the  blood  flows  which  comes  out  of 
the  heart  :  each  of  thefe  tubercles  fupports  a 
valve,  and  thefe  valves  being  open,  hinder  the 
return  of  the  blood  :  thofe  of  the  moft  diftant 
row  from  the  heart  are  the  biggeft.  The  figure 
of  thefe  tubercles  is  fo  irregular,  and  the  bignefs 
of  the  valves  fo  different,  that  it  would  be  te¬ 
dious  to  enumerate  them  particularly 

Sedt.  III.  ftruElure  of  the  heart  of  the  viper. 

The  heart  of  the  viper  is  formed  like  that  of  the 
frog ;  but  is  more  flat,  and  the  left  fide  is  more 
elevated  than  the  right :  it  is  placed  at  about  fix 
inches  difbance  from  the  head,  and  one  inch 
above  the  liver  j]. 

ThQ  pericardium  is  of  a  great  capacity,  and  fo 
thin,  that  the  heart  may  eafily  be  feen  thro’  it. 
There  are  three  ven^  cav^^  one  inferior  and  two 
fuperior.  The  vena  cava  inferior  is  the  big- 
gefl: ;  the  fuperior  on  the  right  fide  inofculates 
with  the  inferior^  and  in  this  place,  each  of  thefe 
veffels  is  a  little  bsne 

The  fuperior  on  the  left  fide  pafllng  above  the 
defeending  aorta.,  fticks  to  the  left  auricle  ;  and 
making  a  little  elbow,  defeends  under  the  bafts  of 

f  Fig*  6.  *  Fig.  7.  II  Fig.  8. 

t  Fig.  9. 

the 


Royal  Academy  ^Sciences.  149 

the  heart,  to  open  into  the  vena  cava  inferior 
near  its  outlet 

The  trunk  formed  by  the  union  of  thefe  three 
veffels  has  its  outlet  towards  the  middle  of  the  right 
fide  of  the  right  auricle,  and  this  outlet  is  fur- 
niflied  with  two  valves  formed  like  eye-lids,  as 
in  the  tortoife  and  frog,  fituated  obliquely  with 
regard  to  the  auricle 

The  pulmonary  vein  is  compofed  of  two 
branches,  one  which  returns  the  blood  from  the 
upper  part  of  the  lungs,  and  is  the  biggeft  ;  and 
the  other  which  returns  it  from  the  lower  part. 

Thefe  two  veins  meet  on  the  left  fide  of  the  left 
auricle,  and  the  trunk  formed  by  their  union  goes 
obliquely  above  the  lower  part  of  the  auricle,  to 
which  it  is  clofely  ftuck,  to  open  itfelf  into  the 
fame  auricle  by  a  very  oblique  infertion 

The  two  auricles  of  the  heart  of  the  viper  do 
not  differ  from  thofe  of  the  fmall  land- tortoife, 
except  in  being  longer  and  narrower ;  they  are 
feparated  by  a  partition  of  the  fame  figure. 

At  the  opening  of  each  auricle  into  the  heart, 
.there  is  a  valve,  and  thefe  valves  have  exadlly 
the  fame  conformation  with  thofe  in  the  heart  of 
the  tortoife. 

Lafily,  there  are  three  cavities  in  this  heart, 
the  inner  configuration  of  which  is  entirely  like 
that  of  the  cavities  of  the  heart  of  the  tortoife ; 
and  they  have  the  fame  communication  with  each 
other. 

Three  arteries  proceed  from  the  right  fide  of 
the  l^ajis  of  the  heart  :  there  are  two  in  front,  and 
a  third  behind  them,  and  of  thefe  three,  there 
are  two  likewife,  which  form  the  aorta  |1, 

The  firft  trunk  of  tlie  aorta  rifes  to  the  height 
of  four  or  five  lines,  and  is  divided  into  two 
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branches,  of  which  the  biggefl:  that  is  on  the* 
right  fide  bends,  and  defcending  about  three  lines, 
throws  off  a  branch,  which  makes  the  right  ca¬ 
rotid  ;  it  then  defcends,  and  having  furnifhed 
fome  branches  to  the  fpine,  it  receives  the  aorta^ 
v/hich  is  on  the  oppofite  fide.  The  other  branch 
produces  the  left  carotid.  We  may  call  this  fir  ft 
trunk  of  the  aorta,  as  in  the  tortoife,  the  afcend- 
ing  aorta,  becaufe  it  furniflies  blood  to  all  the 
upper  parts  ||. 

The  fecond  trunk  of  the  aorta  rifes  to  the 
height  of  about  three  lines,  croffing  the  two  o- 
thers :  it  bends  afterwards  and  defcends  about 
I  inch  I  below  the  heart,  to  unite  itfelf  with  the 
aorta  on  the  oppofite  fide.  In  defcending  it 
throws  off  a  branch,  which  goes  to  the  ven¬ 
tricle.  This  branch  of  the  artery  may  alfo  be 
called  the  defcending  aorta,  becaufe  it  di tributes 
itfelf  only  to  the  lower  parts 

The  third  artery,  which  is  that  of  the  lungs, 
rifes  to  the  height  of  four  lines :  it  lies  on  the 
middle  part  of  the  lungs,  and  is  there  divided 
into  two  branches  :  this  divifion  is  immediately 
under  the  afcending  aorta. 

The  branch  which  is  intended  for  the  upper 
part  of  the  lungs,  is  much  bigger  than  the  other; 
and  accompanies  the  vein  throTts  whole  extent^. 

Se6l.  IV.  ^he  firii5iiire  of  the  heart  of  fifhes. 

Being  about  to  defcribe  the  heart  of  fifhes,  I 
have  made  choice  of  the  carp,  becaufe  it  is  eafily 
procured. 

The  heart  of  this  fifh  is  fituated  below  the 
fauces,  which  are  above  the  cars,  at  the  bottom 
of  the  mouth.  The  cavity,  in  which  the  heart 
is  inclofed,  is'  covered  with  a  very  fmooth  mem- 

jl  Fig  8-.  *  Fig  8.  t  Fig,  8. 
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hrane,  which  is  in  the  place  of  the  'pericardium 
in  feveral  other  fiflies,  but  cannot  be  called  fo 
here,  becaufe  the  heart  is  alfo  inclofed  in  a  very 
thin  pellicle,  which  is  properly  its  pericardium  J. 

The  hafts  of  this  cavity  is  clofed  by  a  mem¬ 
brane,  which  feparates  the  heart  from  all  the  o- 
ther  vifccra^  and  is  a  continuation  of  the  pre¬ 
ceding. 

Under  the  heart  there  is  a  refervoir  formed  by 
the  concourfe  of  feveral  veins,  three  of  which 
proceed  from  the  liver,  and  fcrve  only  to  return 
the  blood  from  the  vena  port^e^  and 'from  one  part 
of  the  ovaries :  of  thefe  three  there  arc  two,  which 
open  on  each  fide  into  the  bottom  of  this  refer¬ 
voir,  and  the  third  difcharges  itfelf  into  it  alfo  by 
a  very  large  outlet.  Two  other  veins  rife  on  each 
fide  of  the  fpine,  accompanying  the  aorta  *,  and 
unite  an  each  fide  of  the  refervoir  with  the  veins 
which  proceed  from  the  fides  of  the  liver :  thus 
thefe  two  velTels  have  on  each  fide,  in  this  place, 
but  one  outlet.  The  trunk  of  the  vein,  which’ 
returns  the  blood  from  the  gills,  lies  above  the 
aorta  :  it  defcends  on  the  right  fide  of  the  heart, 
it  is  ftuck  to  the  fides  of  the  cavity  where  the 
heart  is  inclofed,  and  making  a  turn,  it  opens  into 
the  right  fide  of  the  refervoir  *. 

This  refervoir  opens  above  towards  the  middle 
of  the  lower  part  of  the  auricle  :  at  its  outlet  it 
has  two  valves,  in  form  of  eye-lids,  like  thofe  of 
the  animals  already  defcribed,  and  thofe  which 
are  at  the  outlet  of  the  vena  cava  inferior  of  birds, 
of  which  we  fiiall  fay  nothing,  becaufe  it  is  fo  fo¬ 
reign  to  the  fubjecb  we  are  treating  on 

This  heart  has  but  one  auricle,  but  of  a  great 
capacity.  It  is  applied  to  the  left  fide  *,  and  in  its 
upper  part  it  forms  on  each  fide  a  procefs  or 
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horn,  of  which  the  left  is  bigger  than  the  right : 
its  outlet  is  in  the  upper  part  of  the  left  fide  of 
the  heart*. 

There  are  two  valves  at  the  opening  of  the  au¬ 
ricle  into  the  heart,  the  one  above,  and  the  other 
below,  faftened  by  all  the  feniicircle  which  they 
form,  and  open  on  the  fide  of  apex  the 
heart ;  which  caufes  the  blood,  that  flows  back 
by  the  contradtion  of  the  heart,  to  raife  them,  and 
join  them  to  each  other,  as  in  the  frog  f. 

This  heart  is  of  a  femicircular  figure,  and  flatted 
pretty  much  like  a  chefnut:  it  is  placed  in  fuch 
a  manner  with  regard  to  the  head,  that  the  two  flat 
fides  are  towards  their  gills  :  its  hafis  is  articulated 
with  the  aorta  by  a  fort  of  gynglimus  \  thefe  two 
parts  having  eminences  and  cavities,  which  re¬ 
ceive  each  other  mutually  ||. 

The  fides  of  this  heart  are  very  thick,  in  pro¬ 
portion  to  its  bulk,  and  its  fibres  are  of  a  very 
compa6f:  texture. 

To  have  the  diftribution  of  the  veflels  in  this 
fifli  well  underfliood,  we  mufl:  have  fome  notion 
of  the  fl:ru(5lure  of  the  gills.  Wherefore  we  fliall 
fay,  that  the  gills,  which  are  known  to  ferve  for 
lungs  to  fifhes,  are,  as  I  may  fay,  divided  into 
two  lobes,  each  of  which  is  compofed  of  four 
lamina^  placed  near  one  another,  and  fuftalned 
by  four  bony  arches.  We  fhall  call  that  the  firfl 
arch  on  each  fide,  which  is  neared  the  heart. 

The  convex  part  of  thefe  arches  is  hollow  like 
a  gutter,  along  which  the  velTels  flow,  which  I 
fliall  fpeak  of  afterwards.  The  lamina  fudained 
by  thefe  arches  occupy  the  whole  fpace  between 
the  maxilla  and  the  fauces  ;  they  arc  compofed  of 
a  double  row  of  ofleous  lamella.  Each  of  thefe 
lamella  is  formed  like  a  little  feythe  *,  and  at  its 
*  Fig.  4.  t  Fig-  5-  II  Fig.  6. 
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origin  has  a  little  fort  of  foot,  which  is  thicker 
than  the  reft,  and  hollow  underneath  in  form  of 
a  gutter:  this  foot  leans  only  by  its  extremity  upon 
the  edge  of  the  arch,  to  which  it  is  faftened  only 
by  means  of  the  very  thick  membrane  which 
covers  the  arch  :  the  convex  fide  of  this  lamina  is 
furnifhed  quite  to  the  point  with  threads,  which 
diminilh  in  length  as  they  approach  this  point ; 
and  the  concave  fide  has  thern  much  fhorter,  and  is 
furnilhed  with  them  only  as  far  as  the  middle 

Thefe  threads  are  bound  together  on  each  fide, 
by  a  very  fine  bony  membrane,'  which  gathers 
them  by  the  ^middle  almoft  thro’  their  whole 
length  *5  but  as  the  extremities  are  not  joined,  they 
feprefent  the  teeth  of  a  faw  -f. 

We  have  fald  that  each  lamina  is  cbmpofed  of 
a  double  row  of  lamellae  \  we  mutt  add,  that  the 
concave  of  each  of  thefe  lamella  is  applied  to  the 
convex  of  that  which  is  oppofiteto.it,  and  that 
they  are  all  bound  together  by  a  membrane,  which 
reaches  from  their  origin  to  the  middle  of  their 
height,  Vi^here  becoming  thicker  it  forms  a  fort 
of  ligament,  above  which  it  is  fattened  to  the 
lamellae  by  the  ehd^  of  as  many  Imul^^  as  there 
are  fpaces  between  them.  The  rett  of  the  lamelld 
is  free,  and  ends  in  a  very  fine  and  fupple  point  f . 

The  retting  of  thefe  lamellae  on  the  edges  of 
the  arch,  being  by  the  extremity  of  their  foot,  as 
has  been  fiid,  there  remains  in  the  middle  a  little 
void  in  form  of  a  triangular  canal,  which  reaches 
the  Vv^hole  length  of  the  arch,  and  ferves  to  lodge 
the  vcffels  y. 

Thefe  laihelU  are  covered  with  a  very  fine 
membrane,  and  ferve  only  to  fupport  the  ramifi* 
cations  of  all  the  vefifels  of  the  gills.  Thefe  vef- 
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fels,  which  run  in  the  gutter  of  each  arch,  arc  an 
artery,  a  vein,  and  a  nerve. 

Before  we  fpeak  of  the  diftribution  of  the  ar¬ 
teries,  we  fhall  obferve  that  the  part  of  the  aorta 
which  rifes  from  the  heart,  and  has  2  figmoidal 
valves,  like  that  of  the  tortoife,  is  of  no  great 
bulk,  in  proportion  to  that  which  it  has  a  little 
above  \  for  at  firft  it  fpreads  fo  as  to  cover  the 
whole  bafts  of  the  heart,  then  contradting  by  de¬ 
grees  it  forms  a  fort  of  cone,  from  the  point  of 
which  proceeds  the  veffel  which  is  the  continuation 
of  the  aorta.  The  infide  of  its  dilated  part  is 
filled  with  feveral^fiefhy  columns,  which  diminifli 
continually  towards  the  top ;  and  they  have  be¬ 
tween  their  bafes  fome  interftices,  which  form  ca¬ 
vities,  where  the  refluent  blood  is  received ;  which 
flrengthens  the  aclion  of  the  valves  jufl:  mentioned, 
and  produces  the  fame  effed:  with  the  valves  in 
the  mufculous  part  of  the  aorta  of  the  Ikate  and 
frog 

The  canal,  which  comes  out  of  the  point  of 
the  cone  of  the  aorta^  runs  between  the  two 
lobes  of  the  gills.  Over  againfb  the  firfl:  pair  of 
arches  of  thefe  lobes,  it  makes  on  each  fide  a 
great  branch,  which  is  fubdivided  again  into  2 
others,  the  firfl  of  which  runs  on  each  fide  in  the 
gutter  of  this  firfl  pair  of  arches,  and  the  fecond 
in  the  gutter  of  the  fecond  pair.  The  fame  trunk, 
in  its  courfe,  divides  again  into  2  branches,  each 
of  which  goes  on  its  own  fide  to  the  third  pair ; 
and  more  forward  into  2  others,  which  go  to  the 
lafl  pair  of  thefe  arches. 

Each  artery  running  along  the  bafe  of  each 
lamina,  throws  otf  as  many  pairs  of  branches  as 
there  are  pairs  of  lamella:,  and  lofes  itfelf  entirely 
in  the  extremity  of  the  lamina  ;  fo  that  the  aorta 

'*  Fig.  II. 
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and  its  branches  run  only  from  the  heart  to  the 
extremity  of  the  gills,  where  they  end  *.  For 
the  diftributlon  of  each  pair  of  arteries,  fee 
Fig.  14,  and  15. 

On  the  edge  of  each  lamella  there  is  a  vein, 
and  each  vein  difcharges  itfelf  into  a  trunk,  which 
runs  in  the  gutter  of  each  arch,  the  ramifications 
of  which  are  plainly  feen  in  the  figures.  Thefe 
veins  coming  from  the  extremity  of  each  arch^ 
which  is  towards  the  hafts  of  the  cranium.^  takb 
the  confiftence  of  arteries,  and  are  reunited  by 
pairs  on  each  fide.  This,  for  inftance,  which 
comes  out  of  the  fourth  arch,  after  having  fur- 
nifhed  branches,  which  diftribute  the  blood  to  the 
organs  of  fenfation,  to  the  brain,  and  to  all  the 
other  parts  of  the  heads  joins  itfelf  with  that  of 
the  third  arch.  Thus  they  make  but  one  branch  r 
This  branch,  after  having  gone  about  2  lines  is 
united  with  that  on  the  oppofite  fide,  and  both 
form  but  one  trunk,  which  running  under  the 
hafts  of  the  cranium.^  receives  aifo  foon  after  on 
each  fide  another  branch,  formed  by  the  reunion 
of  the  veins  of  the  fecond  and  firfi:  pair  of  arches. 
This  trunk  continues  its  courfe  along  tiie  vertebrae., 
and  diftributing  the  blood  to  all  the  other  parts, 
performs  the  office  of  a  defcending  aorta,  Thefe 
veins,  by  their  other  extremity,  which  is  to* 
wards  the  origin  of  the  arches,  difcharge  them- 
felves  into  a  trunk  which  is  inferred  into  the  re¬ 
fer  voir 

The  conformity,  which  is  found  in  the  fl;ru<51ure 
of  the  heart  of  thefe  animals,  has  obliged  us  to 
deferibe  them  at  the  fame  time. 

But  before  I  explain  the  ufes  of  them,  it  will 
not  be  amifs  to  obferve,  that  by  the  term  refer- 
voir,  I  mean  nothing  but  a  trunk  of  veins  formed 

*  Fig.  12,  13,  t  Fig.  16,  17. 
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by  the  concourfe  of  feveral  others,  which  is  in- 
Head  of  the  upper  and  lower  vena  cava  in  the 
tortoife  and  carp  and  in  the  frog,  it  is  nothing 
but  the  trunk  of  the  ve7ta  cava  inferior^  whicli 
receives  the  2  axillaries  5  for  tho’  this  refervoir  of 
trunk  is  furnifhed  with'  fle(hy  fibres,  we  do  not 
pretend  to  fay  that  it  is  not  of  the  kind  of  veins, 
feeing  thofe,  which  open  into  the  auricles  and  ca¬ 
vities  of  the  heart  of  other  animals,  are  alfo 
covered  in  this  place  with  like  fibres. 

Part  II.  "Tbe  tifes  of  the  heart  of  the  tortoife. 

In  the  defcriprion  which  we  have  niade  of  the 
Hrudture  of  the  heart  of  the  tortoife,  it  may  be 
bbferved,  that  it  differs  in  many  things  from  that 
of  moff  odaer  animals. 

The  firft  difference  is  that  of  the  ventricles  : 
for-  tho’  the  three  cavities  of  the  heart  of  the  tor¬ 
toife  are  feparated  by  partitions,  yet  there  being 
openings  of  communications  between  them,  they 
'make  properly  but  one  ventricle  ;  whereas  there 
are  two  in  m.en,  quadrupeds,  and  birds  ;  becaufe 
the  partition  between  thefe  ventricles  feparates 
them  entirely.  We  cannot  give  the  cavities  of 
the  heart  of  the  tortoife,  the  name  of  right  and 
left  ventricle,  fixing  the  ufual  ideas  to  thefe  2 
words ;  becaufe  on  one  fide,  if  we  confider  them 
v/ith  regard  to  the  auricles,  and  the  courfe  of  the 
venal  blood,  one  of  them  might  really  be  called 
the  right  ventricle,  and  the  other  the  left ;  but  if 
we  confider  them  with  regard  to  the  origin  of  the 
arteries,  the  fame  cavity,  which  we  call  the  right 
ventricle,  Ihouid  alfo  be  called  the  left  ventricle,  be¬ 
caufe  it  gives  rife  to  the  2  arteries  which  fupply 
the  place  of  the  aorta :  that  which  we  call  the 
left  ventricle  would  then  have  no  arteries,  and 
^  ■  what 
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.wliat  we  call  the  third  ventricle  would  have  nei- 
jcher  auricles  nor  veins,  which  is  contrary  to  the 
conformation  of  the  heart  of  man,  and  of  moft 
animals. 

The  fecond  difference  regards  the  circulation  of 
the  blood  in  the  cavities  of  the  heart ;  for  in 
men,  quadrupeds  and  birds,  all  the  blood,  which 
is  returned  by  the  vena  cava^  paffes  thro’  the 
right  ventricle,  and  from  thence  into  the  pulmo* 
nary  artery  \  and  all  that  returns  from  the  lungs 
enters  again  into  the  left  ventricle,  and  from 
thence  into  the  2  arteries  which  fupply  the  place 
of  the  aorta. 

But  in  the  tortoife,  the  blood  which  is  returned 
from  all  parts  of  the  body,  except  the  lungs,  en¬ 
ters  into  the  right  auricle,  by  the  great  reftrvoir, 
which  contradting  itfelf  by  the  action  of  the 
fiefhy  fibres,  with  which  it  is  lined  on  the  infide 
drives  it  into  the  auricle  ;  and  as  the  valve,  which 
is  at  the  opening  of  this  auricle  into  the  heart,  is 
fo  difpofed  that  the  blood  which  it  drives  by  con- 
tra^ing  itfelf,  runs  from  left  to  right,  it  is  ma- 
nifeft  that  every  time  the  auricle  empties  itfelf, 
it  fills  not  only  the  firft  cavity,  but  alfo  the 
third  which  is  only  a  continuation  of  it. 

There  are  2  valves  in  form  of  eye-lids,  at  the 
outlet  of  this  refervoir,  which  in  the  contradlion 
of  the  auricle  join  together,  and  clofing  this 
aperture  exadfly,  hinder  the  blood  with  which 
this  auricle  is  filled,  from  returning  into  this  re¬ 
fervoir  *,  which  obliges  it  to  flow  entirely  into 
the  ventricle  of  the  heart. 

We  find  in  birds  fuch  like  valves  at  the 
opening  of  the  vena  cava  into  the  auricle  •,  and 
in  quadrupeds,  inftead  of  valves,  we  fee  between 
the  2  ven^  cavee  and  within  their  opening,^  fome 
•returns  formed  by  bundles  of  ficfhy  fibres,  which 
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difengage  themfelves  in  fuch  a  manner  about 
thefe  veffels,  that  they  form  as  it  were  fo  many 
fplinteis,  feeing  they  embrace  not  only  the  fpace 
between  the  ven£  cava^  but  alfo  their  outlet,  and 
they  cannot  contradb,  without  binding  in  a  manner 
thefe  2  veins  at  their  entrance  into  the  auricle. 
In  man  thefe  returns  are  lefs  didindt. 

We  fee  by  this,  that  thefe  fphindlers  and  thefe 
valves  have  the  fame  ufe :  for  as  thefe  valves  per¬ 
mit  the  blood  to  enter  from  the  refervoir  into 
the  auricle,  and  hinder  the  return  of  it  ;  in  like 
manner  thefe  fphindlers  being  relaxed,  permit  the 
blood  of  the  veins  to  fill  the  auricle  5  but  when 
they  contradt,  they  clofe  the  apertures  of  thefe 
vefTels,  and  hinder  the  return  of  the  blood. 

The  blood,  which  is  brought  back  by  the 
pulmonary  vein,  fills  the  left  auricle.  In  the 
fmall  tortoifes,  and  in  birds,  there  is  a  flefhy 
valve  at  the  outlet  of  this  vein,  which  hinders  the 
return  of  the  blood  :  and  afterwards  the  left  auri¬ 
cle  contradling,  tends  only  to  fill  the  fecond  ca¬ 
vity,  becaufe  of  the  valve  being  turned  from 
right  to  left,  which  is  at  its  outlet. 

By  the  comprefiion  of  the  heart,  all  the  blood 
contained  in  the  fecond  cavity  is  forced  to  enter 
again  into  the  firfl,  this  cavity  having  no  arteries, 
by  which  it  may  difeharge  itfelf.  At  the  fame 
time  that  the  heart  contradling  itfelf  drives  the 
blood  out  of  the  fecond  cavity  into  the  firfl,  ic 
drives  alfo  into  the  principal  trunk  of  the  oorta^ 
and  the  left  branch  of  the  defeending  aorta.,  the 
blood  which  was  contained  in  this  firfl  cavity,  to 
diflribute  it  into  all  its  parts  *,  laflly  in  the  time 
that  the  firfl  cavity  empties  itfelf,  the  blood  of 
the  third  cavity  is  alfo  driven  into  the  artery, 
which  goes  to  the  lungs,  and  diflributes  itfelf 
into  their  whole  fubflance.  We  fee  thereby,  that 

thefe 
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thefe  3  cavities  empty  themfclves  at  the  fame  time, 
and  concur  to  drive  the  blood  into  the  arteries. 

The  ring  or  fphindler  at  the  origin  of  the 
aorta  in  the  fmall  tortoife,  doling  itfelf  imme¬ 
diately  after  the  contradion  of  the  heart,  gives 
room  to  believe,  that  its  principal  ufe  is  to  acce¬ 
lerate  and  augment  the  motion  of  the  blood  to¬ 
wards  the  extremities. 

In  frogs  and  feveral  filhes,  this  circular  ring 
occupies  a  confiderable  part  of  the  aorta  ;  which 
makes  us  judge,  that  by  its  contradion  it  drives 
the  blood  alfo  with  more  force  towards  all  the 
parts  of  the  body  ;  and  it  feems  that  the  valves, 
which  are  found  in  greater  number  in  this  part  of 
the  aorta^  are  intended  to  hinder  the  reflux  of  it. 

The  third  difference  is  in  the  manner  in  which 
the  blood  is  mixed  in  the  cavities  of  the  heart. 
In  man,  all  the  blood,  which  is  deprived  of  its 
adive  parts,  enters  into  the  right  ventricle,  to  be 
carried  thence  into  the  lungs,  where  it  mufl  receive 
all  the  preparations  neceffary  to  animate  and  vi¬ 
vify  the  parts ;  and  it  is  afterwards  carried  into 
the  left  ventricle,  and  into  the  aorta^  which  di- 
ftributes  it  thro’  the  whole  body. 

In  the  tortoife,  at  each  circulation,  a  little  more 
than  I  of  the  blood  paffes  into  the  lungs,  where 
it  receives  all  the  preparations  neceffary  for  its 
ufes  ;  and  the  blood,  which  flows  into  them,  is 
principally  that  which  is  inclofed  in  the  third  ca¬ 
vity,  and  is  almofl  wholly  venal:  the  other  por¬ 
tion  of  the  blood  of  the  veins,  which  is  in  the 
firfl  cavity,  m.ixes  itfelf  with  that  of  the 
fecond  cavity,  which  is  returned  from  the  lungs; 
and  by  this  mixture  it  is  gradually  impregnated  with 
the  adive  parts,  with  which  the  firll  was  chaiged 
in  the  lungs,  as  much  as  is  necefla-y  for  the  o> 
cafions  of  the  animals  *,  thus  all  the  blood,  *  wh:.;:,, 
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tetiirns  from  the  Jungs,  is  mixed  in  the  cavities 
of  .the  heart  of  the  tortoife  with  that  of  the  veins; 
but  in  the  ventricle  of  the  human  heart,  there  is 
no  fuch  mixture  matJe  ;  and  all  the  blood,  which 
teturnsifrom  the  lungs,  paffes  from  the  left  ven¬ 
tricle  into  the  aorta. 

Let  us  here  make  fome  refledlians,  in  order 
to  perceive  the  differences  better,  which  are  be¬ 
tween  the  heart  of  the  tortoife,  and  that  6f  the 
f other  animals,  of  which  we  have  fppken. 

Three  things  particularly  eftablifh  this  diffe- 
Tenee :  the  firft  is  the  communication  between 
thefe  cavities:  the  fecond  is,  that  the  aorta  de- 
.  rives  its  origin  from  the  right  cavity :  and  the 
third  is,  that  the  left  has  no  arteries. 

To  difcover  the  reafon  of  this  difference,  we 
muft  obferve,  that  the  body  of  man,  and  of  the 
animals  which  we  have  fpoken  of,  fuffers  a  difli- 
pation  and  a  confiderable  lofs  of  fubftance,  by 
all  the  functions  performed  when  awake,  and  by 
the  rapid  motion  of  the  blood  and  fpirits ;  and 
this  lofs  cannot  be  fufficiently  repaired,  unlefs  the 
whole  blood  difcharged  by  the  venhe  cav^  into 
the  right  ventricle  circulates  thro’  the  lungs,  in 
order  to  go  into  the  left  ventricle,  and  from  thence 
into  the  aorta  ;  becaufe  it  is  in  the  lungs  that  the 
air  communicates  to  the  blood  fome  parts  fo  ac¬ 
tive  and  fo  penetrating,  that  its  heat,  fluidity, 
and  fermentation  depend  upon  them  ;  it  is  by 
this  mixture  that  it  is  rendered  fit  for  fiouiifh- 
mcnt,  and  that  it  can,  by  circulating  in  the  brain, 
furniih  it  with  thefe  quick  and  fubtile  parts, 
called  animal  fpirits,  and  ferve  in  fhort  for  all 
the  other  ufes. 

We  ,  muft  not  therefore  be  furprized,  if  man 
(who  ftands  in  need  of  abundance  of  nouriflimenr, 
and  of ^  a.  prodigious  quantity  of  fpirits,  to  furnifti 
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fo  many  different  fenfations,  and  all  the  motions 
of  a  perfon  awake,  which  are  fo  violent,  and  of 
fo  long  a  continuance)  has  need  alfo,  that  all  the 
blood  furnifhied  by  each  of  the  cavte  fhould 
circulate  alfo  thro’  the  lungs ;  but  it  is  fufficienc 
for  the  tortoife,  which  fpends  the  whole  winter 
in  reft  and  in  a  fort  of  numbnefs,  which  can  alfo 
live  feveral  months  during  the  greateft  heats  of 
fummer,  inclofed  in  a  velfel,  without  taking  any 
nourilhment,  which  has  but  very  flow  motions, 
and  but  feldom  pulfations  of  the  heart,  and 
which  hardly  perfpires  at  all :  it  is  fuflicient,  I 
fay,  that  j  of  the  blood,  which  comes  out  of 
the  heart,  fhould  be  carried  into  the  lungs,  there 
to  receive  the  preparations  neceifary  for. the  life  of 
the  animal,  and  that  this  portion  of  blood  fhould 
be  mixed  again,  with  that  which  is  to  be  driven 
thro’  the  aorla  into  all  the  parts  of  the  body.  In 
frogs  the  2  pulmonary  veins  difcharge  themfelves 
into  the  auricle :  in  falamanders  they  are  emptied 
into  the  vefja  cava  inferior  near  its  opening  into 
the  heart :  thus  in  all  thefe  animals  the  mixture  is 
made,  before  the  blood  enters  into  the  heart ; 
but  in  tortoifes,  ferpents,  and  vipers,  the  2  pul¬ 
monary  veins  empty  themfelves  into  the  fecond 
cavity,  and  thus'^is  mixture  is  made  in  the 
heart.  We  may  therefore  fay  that  it  was  necef^ 
fary,  that  thefe  cavities  fhould  have  a  communi¬ 
cation,  that  the  blood,  which  returns  from  the 
lungs,  might  mix  itfelf  with  that  of  the  veins 
and  the  aorta  was  to  derive  its  origin  from  the 
firft  cavity,  which  is  the  place  where  this  mixture 
is  made,  becaufe  it  is  to  diftribute  the  blood  im¬ 
pregnated  with  thefe  a6tive  particles  to  the  whole 
body.  Tho*  fifhes  have  a  great  analogy  to  thefe 
animals,  yet  the  circulation  is  performed  in  them 
after  a  diiferent  manner,  feeing  the  blood,  which 
VoL.  I.  N^.  5.  X  comes 
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comes  out  of  the  heart  at  each  pulfation,  is  dif- 
tributed  into  the  gills  by  an  infinite  number  of 
fmall  arteries,  which  cover  the  furfaces  of  all 
the  lamella ^  of  which  they  are  compofed  ;  and 
fince  the  veins,  which  bring  back  this  blood,  dif- 
tribute  it  to  all  the  parts,  after  the  manner  of  ar¬ 
teries.  The  reafon  of  this  difference  is,  that  the 
fmall  quantity  of  air  engaged  between  the  parts 
of  the  water,  which  feparates  from  it  only  with 
difficulty,  and  by  the  comprefiion,  which  it  re¬ 
ceives  between  the  lamella:  of  the  gills,  muft  be 
applied  to  a  greater  furface  of  blood,  to  furnifh 
fufficiently  thefe  adlive  particles  to  the  occafions 
of  thefe  animals. 

Altho’  the  3  cavities  of  the  heart  of  the  tor- 
toife  muft  be  confidered  as  one  fingle  ventricle, 
yet  there  is  room  to  believe,  that  all  the  blood 
which  is  brought  thither  by  the  'vena  cava  and 
pulmonary  vein,  is  not  exadlly  mixed  there;  the 
forts  of  partitions  which  diftinguifti  thefe  cavities, 
hinder  the  perfedt  mixture  of  it ;  and  the  blood, 
which  comes  from  the  lungs,  emptying  -itfelf  by 
the  contradfion  of  the  heart  into  the  cavity,  whence 
the  aorta  derive  their  origin  is  probably  deter¬ 
mined  to  fill  thefe  veftels,  and  above  all  the  prin¬ 
cipal  trunk  of  the  aorta^  the  aperture  of  which 
is  the  largeft,  and  the  moft  expofed  to  the  di- 
redfion  of  this  vivified  blood  ;  and  it  is  this, 
which  fupplies  the  head,  and  the  upper  parts, 
where  there  is  need  of  a  greater  abundance  of 
adtive  parts.  But  the  pulmonary  artery  being  de¬ 
rived  from  the  third  cavity,  which  could  be  fil¬ 
led  only  with  the  blood  of  the  firft  cavity,  which 
is  aIm*oft  all  venal,  brings  into  this  bowel  only 
fuch  blood  as  has  been  deprived  of  the  adlive 
parts,  ,with  which  it  muft  there  be  impregnated. 
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An  explanation  of  the  figures^ 

"Plate  VIII.  Fig,  i.  reprefents  the  heart  of  the 
tortoife  inclofed  in  its  pericardium,,  and  fervcs 
©nly  to  fhew  the  great  capacity  of  the  pericar^ 
dium,,  in  proportion  to  the  bulk  of  the  heart. 
All  that  appears  thro’  it  will  be  explained  in  the 
next  figure. 

Ftg,  2.  reprefents  the  heart,  its  auricles,  and 
veffels,  in  their  natural  bignefs;  and  we  have  ad¬ 
ded  to  it  a  portion  of  the  trachea,,  ,  and  of  the 
branches  of  the  pulmonary  arteries  and  veins. 

A.  The  great  refer  voir  formed  by  the  con- 
courfe  of  the  following  veins. 

-  B.  The  vena  cava  inferior. 

C.  The  right  axillary. 

D.  The  jugular  on  the  fame  fide. 

E.  A  vein  which  brings  back  the  blood  from 
the  left  part  of  the  liver. 

F.  The  left  axillary. 

G.  The  jugular  on  the  fame  fide. 

H.  H.  Two  veins  which  come  out  of  the  two 
partition  lobes. 

I.  The  heart. 

K.  The  right  auricle. 

L.  The  left  auricle. 

M.  The  pulmonary  artery. 

N.  The  left  branch  of  the  defcending  aortas 
behind  thefe  2  veffels  is  hidden  that  which  I  call 
the  principal  trunk  of  the  aorta. 

O.  The  bend  of  the  right  branch  of  the  de¬ 
fcending  aorta. 

P.  The  branch  which  rifes  a  little  before  it 
makes  a  bend  *,  it  is  divided  on  each  fide  into  2 
others,  which  are, 

The  right  axillary. 

X  2  R. 
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R.  The  carotid  on  the  fame  fide. 

S.  The  left  axillary. 

T.  The  carotid  on  the  fame  fide. 

h.  h.  Two  little  arteries  which  proceed  from 
the  carotids,  and  diflribute  themfelves  into  a  gland 
which  fills  the  fpace  left  between  them. 

V.  The  right  branch  of  the  defeending  aorta^ 
which  after  having  made  a  bend  defeends  into  the 
lower  belly,  to  unite  itfelf  with  the  aorta  on  the 
left  fide. 

X.  The  left  bend  of  the  defeending  aorta, 

y.  The  fame  veffel,  which  having  defeended 
below  the  ventricle  throws  off 

d.  The  branch  which  ferves  for  a  coeliack. 

e.  That  which  ferves  for  a  mefenterirk. 

Z.  The  place  where  the  2  branches  of  the  de¬ 
feending  aorta  are  again  united. 

2.  The  place  where  the  pulmonary  artery  goes 

off, 

3.  The  right  bend  of  this  veffel,  which  paffes 
behind  the  2  trunks  of  the  aorta^  and  is  inclofed 
under  the  bend  of  the  defeending  aorta. 

4.  The  fame  veffel  which  defeends  on  the  ex¬ 
terior  fide  of  the  bronchia,^  to  be  implanted  at 
e  into  the  liings. 

5.  The  left  bend  of  the  pulmonary  artery 
placed  under  the  left  branch  of  the  defeending 
aorta. 

6.  The  fame  veffel  which  defeends  to  the  left 
fide  of  the  lungs. 

7.  7.  The  pulmonary  veins,  which  rife  again 
to  the  interior  fide  of  the  bronchia. 

Fig.  3.  reprefen Ls  the  heart  of  a  fmall  land 
fortoife. 

A.  The  heart. 

B.  B.  Its  auricles. 

C.  C.  The  arteries  with  their  bends. 
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D.  A  ring  of  flefliy  fibres,  which  embraces 
thefe  arteries  at  their  comiiig  out  of  the  heart. 

E.  A  ligament  which  parts  from  the  apex  of 
the  heart,  and  faftens  it  to  the  bottom  of  the 

pericardium, 

F.  A  Imall  gland  placed  between  the  carotids. 
Fig.  4.  reprefents  the  2  auricles  cut  from  top 

to  bortom,  to  fhew  the  outlet  of  each  refervoir, 
with  their  valves. 

A.  The  heart. 

B.  B.  The  auricles  opened. 

C.  C.  The  vaVes,  which  are  at  the  outlet  of 
the  great  refei  voir. 

D.  The  femilunar  valve,  at  the  outlet  of  the 
fmall  refervoir,  which  is  the  third  particularity 
contained  in  the  fmall  land  tortoife. 

E.  The  partition,  which  feparates  the  auricles. 
Plate  IX.  Fig,  I.  reprefents  the  refervoirs, 

the  veins  which  compofe  them,  and  the  arteries: 
the  whole  feen  thro’  the  upper  fcale,  as  the  ani- 
mal  is  in  the  pofture  of  walldng. 

A.  The  right  auricle. 

B.  The  left. 

C.  The  great  refervoir. 

D.  The  vena  cava  inferior, 

E.  The  right  axillary. 

F.  The  vein  which  brings  back  the  blood  from 
the  left  part  of  the  liver. 

G.  The  left  axillary. 

H.  The  place  where  the  great  refervoir  is  im¬ 
planted  into  the  right  auricle. 

II.  The  two  pulmonary  veins. 

K.  Their  refervoir. 

L.  The  place  where  it  is  implanted  into  the 
left  auricle. 

M.  The  principal  trunk  of  the  aorta,,  which 
did  not  appear  in  the  preceding  figures,  which 

reprefent 
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reprefent  the  animal  reverfed,  becaufe  it  is  then 
hidden  by  the  two  other  arteries. 

The  reft  of  the  diftribution  of  thefe  veflels  was 
defcribed  in  Plate  VIII.  Fig.  2. 

Fig,  2.  reprefents  the  great  and  fmall  refer- 
voirs. 

A.  The  great  refervoir. 

B.  Its  union  with  the  right  auricle. 

C.  The  outlet  of  the  fmall  refervoir  opened. 

Fig,  3.  reprefents  the  great  refervoir  naked, 

and  fhews  nothing  new  but 

A. ’  The  form  of  its  outlet,  and 

B.  The  infertion  of  the  coronary  vein. 

Fig,  4.  reprefents  the  fame  refervoir  opened, 
to  fliew  the  fleftiy  fibres,  with  which  it  is  lined 
on  the  infide. 

Fig.  5.  reprefents  the  little  refervoir  formed 
by  the  concourfe  of  the  pulmonary  veins,  and  its 
outlet. 

Plate  X.  Fig.  i .  reprefents  the  three  arteries 
already  deferibed,  cut  at  the  bafts  of  the  heart, 
to  ftiew  their  origin  and  conne6lion. 

A. .  The  principal  trunk  of  the  aorta, 

B.  The  left  branch  of  thedefeending  aorta. 

C.  The  pulmonary  artery. 

Fig.  2.  reprefents  the  heart  reverfedon  its  auri¬ 
cles,  to  fnew  the  diftribution  of  the  coronary 
vein. 

A.  The  heart. 

B.  B.  Its  auricles. 

C.  The  trunk  of  the  coronary  vein. 

D.  Its  infertion  into  the  great  refervoir. 

E.  E.  Its  ramifications. 

Fig.  3.  reprefents  the  heart,  the  three  arteries 
of  which  are  cut  at  their  origin,  with  its  auricles 
fwoln  *,  it  ferves  principally  to  fliew  how  each 
auricle,  in  contracling  itfelf,  makes,  a  fort  of 

canal. 
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canal,  which  inofculates  with  the  caVities  of  the 
heart.  It  difcovers  alfo  the  origin  of  the  coro¬ 
nary  artery. 

A.  The  Heart. 

B.  B.  B.  Its  three  arteries  cut. 

C.  C.  The  auricles  fwoln. 

D.  D.  The  place  where  they  contra<5l  them- 
felves,  and  make  a  canal. 

E.  The  origin  of  the  coronary  artery,  which 
comes  out  of  the  principal  trunk  of  the  defeend- 
ing  aorta^  immediately  upon  the  hafis  of  the 
heart. 

Fig,  4.  reprefents  the  heart  in  the  fame  view, 
the  tradt  of  the  auricles,  and  the  aperture  of  their 
infertions  into  the  heart  with  the  partition  laid 
down,  becaufe  being  in  front  it  is  hardly  feen. 

Plate  XI.  Fig,  I,  reprefents  the  auricles,  a 
part  of  which  has  been  removed  to  flievv  their  in¬ 
ner  texture,  the  partition  that  feparares  them, 
and  the  valve  at  the  outl^-t  of  the  great  refer  voir. 
It  reprefents  the  heart  alio  with  tiiree  pieces  re¬ 
moved,  one  on  the  right  fide  to  llievv  the  third 
cavity,  and  its  hole  of  communication  widi  the 
firft  *,  the  other  on  the  left  Hde,  to  dilcovc  r  the 
fecond  cavity.  Thefe  fedlions  at  the  fanie  time 
Ihew  the  diherent  thicknefs  of  the  fulcs  of  thefe 
cavities.  The  third  piece  is  removed  from  the 
l^ajis  of  the  heart,  to  difeover  as  much  as  poffible 
the  firuation  of  the  valves  of  the  auricles,  the 
fiefliy  fibres  which  compofe  them,  and  the  fafteii- 
ing  of  their  partition  to  the  middle  of  thefe 
valves. 

A.  The  right  auricle. 

B.  B.  The  two  valves  in  form  of  eye-lids,  at 
the  outlet  of  the  great  refervoir.  They  are  fiiewa 
more  diuirdtiy  above  this  figure,  at  the  place 

marked  B  B. 

C. 
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•  C.  The  partition  which  feparates  the  auricles. 

D.  The  outlet  of  the  fmall  refervoir. 

E.  The  heart. 

F.  The  third  cavity. 

G.  Its  hole  of  communication  with  the  firft. 

H.  The  fecond  cavity. 

II.  The  two  valves  of  the  auricles :  they  are 
feen  more  eafily  under  this  figure,  marked  with 
the  fame  letters. 

Fig,  2.  reprefents  the  third  cavity  of  the  heart, 
and  the  pulmonary  artery,  half  of  which  has  been 
removed,  from  the  place  of  its  origin  to  its  divi* 
fion. 

A.  The  heart. 

B.  The  third  cavity  opened. 

C.  The  pulmonary  artery,  which  opens  im¬ 
mediately  into  this  cavity. 

D.  One  of  the  two  figmoidal  valves,  which 
are  at  its  outlet.  They  may  be  feen  better  in 
Fig,  3  and  4,  under  the  fame  letter.  In  Ftg.  3, 
one  of  thefe  valves  is  placed  on  one  fide,  and  in 
Fig,  4,  they  are  both  in  their  fituation  and  blown 
up. 

Fig.  5.  reprefents  the  heart  feen  thro*  the  upper 
fcale,  and  opened  fo  as  to  fhew  under  its  bafts 
the  two  valves  at  the  outlets  of  the  auricles  ;  and 
a  fmall  part  of  the  fame  outlets.  The  orifices 
alfo  are  difcovered  of  the  two  trunks  of  the  aorta.^ 
and  a  little  on  one  fide,  and  above  the  hole  of 
communication  of  the  firft  cavity  with  the  third. 
In  the  laft  place  are  fhewn  the  firfl  and  fecond 
cavity  of  the  heart  in  their  whole  extent,  and  the 
paflage  of  communication  between  them. 

A.  A.  A.  A.  The  fides  of  the  heart  which 
have  been  feparated. 

B.  B.  The  two  valves  of  the  auricles. 
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C.  C.  A  part  of  their  outlets,  which  appears 
under  thefe  valves. 

D.  The  orifice  of  the  principal  trunk  of  the  aorta^ 

E.  That  of  the  left  branch  of  the  defending 

aorta,  , 

F.  The  hole  of  communication  of  the  firft  ca¬ 
vity  with  the  third;  which  is  altogether  on  the 
right  fide.  , 

G.  The  firft  cavity; 

H.  The  fecond. 

nil.  The  pillah  of  flefh  which  in  rifing  make 
a  fort  of  partition,  an^  have  been  feparated  from 
tlie  Upper  part  of  the  heart. 

K.  K,  The  paffage  of  comniunication. 

L.  The  cartilage,  which  is  faftened  to  the 
outlet  of  the  arteries.  It  has  been  deprived  of  a 
portion  of  the  membrane  which  covers  it,  and 
only  one  part  of  it  is  fhewn. 

Fig.  6.  fhews  the  two  valves  of  the  aurkles  in 
particular,  marked  B.  B. 

Fig.  7.  reprefents  the  fame  valves,  with  the 
outlets  of  the  auricles^  and  of  the  two  aort^e.,  and 
allb  the  cartilage  partly  divefted,  and  its  mem¬ 
brane  reverfed. 

Plate  XII.  The  heart  of  the  frog. 

Fig.  I.  A.  The  refervoir. 

B.  The  vena  cava  inferior, 

C.  C.  The  veins  which  return  from  the  liver. 

D.  D.  The  axillaries. 

E.  The  coronary  vein. 

F.  The  outlet  of  the  refervoir  into  the  auricle. 

Fig.  2.  reprefents  the  outlet  of  the  refervoir  in¬ 
to  the  auricle. 

A.  The  refervoir. 

B.  Its  outlet. 

C.  C.  Two  valves  in  form  of  eye-lids.  , 

Fig: 
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Fig,  3.  A.  The  refervoir  feen  on  the  fide  of 
the  fpine. 

B.  B.  The  pulmonary  veins. 

C.  Their  trunk. 

D.  Its  outlet  into  the  auricle. 

E.  The  auricle. 

Fig,  3.  reprefents  alfo  the  lame  parts  feen  on 
the  fide  of  the  belly,  with  the  auricle,  one  half 
of  which  is  cut  down  frora  top  to  bottom. 

A.  The  refervoir. 

B.  B.  The  two  pulmonary  veins. 

C.  The  outlet  of  the  trunk  of  the  pulmonary 
vein  above  the  fuperior  valve  of  the  refervoir. 

D.  D.  The  half  of  the  auricle  towards  the  fpine. 

E.  E.  The  two  valves  of  the  refervoir. 

Fig,  4.  A,  The  heart  opened. 

B.  B.  The  two  valves,  which  are  at  the  outlet 
of  the  auricle. 

C.  The  auricle  opened. 

Fig,  5.  reprefents  the  heart,  the  auricle,  its  re¬ 
fervoir,  the  aorta^  with  its  principal  branches, 
and  the  lungs,  of  which  the^ right  lobe  is  drawn 
very  faint,  to  fliew  the  vellels  that  pafs  under¬ 
neath. 

A.  The  heart. 

B.  The  refervoir. 

C.  C.  The  auricle. 

D.  The  trunk  of  the  aorta. 

EE.  Its  two  branches,  which  diftributing 
themfelves  equally  to  right  and  left,  are  fubdivi- 
ded  into  three  others. 

F.  The  fuperior  branch,  which  divides  itfelf 
into  two,  of  which  the  exterior  makes  the  carotid. 

G.  The  carotid. 

The  interior  goes  to  the  mufcles  which  are  under 
the  throat. 

H.  The  interior. 


1. 
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I.  The  branch  of  the  middle,  which  is  the 
biggeft.  In  defcending  it  throws  off  ^three  con- 
fiderable  branches,  of  which  the  firft  marked  K 
makes  the  axillary.  The  fecond  marked  L, 
running  under  the  arm-pit  thro’  the  mufcles  of 
the  back  divides  into  two  branches,  of  which  the 
firft  marked  M  rifes  again,  and  diftributes  itfelf 
to  the  mufcles  which  cover  the  fhoulders,  and 
the  head.  The  fecond  marked  N  defcending 
behind  the  tranfverfe  apophyfes  of  the  verte¬ 
bra^  throws  off  fome  branches  to  right  and  left ; 
fome  of  which  go  to  the  mufcles  of  the  back  and 
loins,  and  the  reft  entering  by  the  holes  of  the 
vertebra^  go  to  the  fpinal  marrow.  We  muft 
thus  corre6t  this  part  in  the  defcription,  where 
thefe  laft  veffels  are  not  juftly  defcribed.  The 
third  marked  O  goes  to  the  oefophagus. 

P.  The  meeting  of  the  two  branches  of  the  aonta^ 

Q.  The  artery  which  fupplies  the  place  of  the 
cceliack  and  mefenterick. 

R.  R.  The  third  branch  of  the  aorta.  It  di¬ 
vides  into  two  others.  The  fmalleft  marked  R 
diftributes  itfelf  into  the  mufcles  of  the  head.  The 
biggeft  marked  S  is  the  pulmonary  artery,  which 
is  divided  into  feveral  branches. 

Fig.  6.  A.  The  heart. 

E.  The  flefliy  fibres  of  the  aorta, 

F^g,  6.  A.  The  aorta  opened. 

B.  The  cartilaginous  lamella  in  the  middle  of 
the  canal. 

C.  C.  The  figmoidal  valves  at  the  “origin  of 
the  aorta, 

D.  The  valve  at  the  extremity  of  the  lamella, 

E.  E.  Two  other  valves,  which  occupy  the 
reft  of  the  canal. 

Fig,  7.  A.  The  aorta  opened. 

B.  B.  The  circular  flefhy  fibres. 

Y  2 
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C.  C.  C.  C.  The  four  rows  of  valves,  with  the 
tubercles  which  fuftain  them.  Thofe  of  the  laft 
row  are  miich  bigger  than  the  reft. 

Fig.  8.  A.  The  heart  of  the  viper,  the  veins 
of  which ^  have  been  taken  out,  to  avoid  cpnfufion. 

a.  a.  The  auricles. 

B.  The  defcending  aorta. 

C.  C.  The  afcendjng  aorta. 

P.  D.  The  pulmonary  artery. 

E.  A  branch  which  goes  to  the  ftomach,  and 
comes  from  the  defcending  aorta. 

F.  The  reunion  of  the  two  aorta. 

G.  The  left  carotid. 

H.  The  right  carotid. 

I.  A  branch  of  the  afcendirig  aorta^  which 
goes  to  the  fpinc. 

K.  K.  The  branches  which  go  to  the  lungs,  pf 
;w^ich  the  upper  one  is  the  biggeft. 

By  the  fide  of  this  figure  are  ftiewn  the  heart 
and  its  auricles  difehgaged  from  all  the  veflels. 

'  A.  The  heart. 

B.  B.  Its  two  auricles. 

Fig.  9.  reprefents  the  heart  a  little  reverfed  on 
the  left  fide. 

*  f 

A.  The  vena  cava  fuperior. 

B.  The  inferior. 

C.  Their  union. 

D.  The  right  auricle. 

E.  The  left. 

F.  The  heart. 

Fig.  iq.  reprefents  the  heart  reverfed  on  the 
right  fide,  to  ftiew  the  left  vena  cava  fuperior,^ 
and  the  pulmonary  veins. 

A.  The  right  vena  cava  fuperior. 

B.  The  inferior. 

C.  The  left  auricle  feen  fidewife, 

D.  The  left  vena  cava  fuperior^. 
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3,  Its  outlet  into  the  vma  cava  inferior. 

E.  The  vein  of  the  upper  part  of  the  lungs. 

F.  That  of  the  lower  part. 

G.  The  trunk  formed  by  their  meeting,  and 
its  infercion  into  the  left  auricle. 

H.  The  heart. 

Fig.  1 1.  A.  The  right  auricle  opened. 

B,  Tjie  meeting  of  the  two  venec  cava  on  the 
right  fide. 

G.  C.  The  two  valves  which  are  at  the  open¬ 
ing  of  this  vein  into  the  auricle. 

Plate  XIII.  The  heart  of  the  carp. 

Fig.  I.  A.  The  pericardium. 

B.  The  aperture,  at  which  the  aorta  goes  out. 

Fig.  2.  A  A.  The  refervoir. 

B. B.  Two  veins,  which  fupply  the  place  of 
the  vena  cava  inferiores. 

C.  C.  The  two  vena  cava  fuperiores. 

D.  D.  D.  The  three  veins,  which  return  from 
the  liver. 

E.  A  vein  which  brings  back  a  part  of  the 
blood  from  the  gills,  and  neighbouring  parts. 

F.  The  auricle. 

On  the  fide  of  this  figure  are  the  two  vena  cava^ 
and  thofe  of  the  liver,  reunited  at  fome  diftance 
from  the  refervoir. 

Fig.  3.  reprefents  the  auricle  cut  frorn  top  to 
bottom,  to  Ihew  the  outlet  of  the  refervoir. 

A.  The  refervoir. 

B.  The  auricle  cut. 

C.  C.  The  valves  in  form  of  eye- lids. 

Fig.  4.  reprefents  the  heart  reverfed  on  the 
right  fide,  to  (hew  the  form  of  the  auricle. 

A.  The  auricle. 

B.  The  heart. 

C.  The  aorta  dilated. 

Fig*  5.  A.  The  heart. 
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B.  B.  The  two  valves  which  are  at  the  outlet 
of  the  auricle. 

C.  The  aperture  which  is  between  thefe  valves. 

Fig.  6.  reprefents  the  heart  reverfed  on  the  left 

fide,  to  fhew  its  form  better,  and  ift  what  man¬ 
ner  the  aoria,  which  is  very  much  dilated  at  its 
origin,  refts  upon  its  bafe. 

A.  The  heart. 

B.  The  dilatation  of  the  aorta. 

Fig.  7.  reprefents  one  of  the  arches  feen  above, 
to  Ihew  the  gutter,  and  the  two  parts  which  com- 
pofe  it. 

A.  The  firlt  part  of  the  arch. 

B.  The  fccond  part. 

C.  The  gutter. 

Fig.  8.  reprefents  one  of  the  lamella  in  parti¬ 
cular,  we  fpeak  of  it  here  before  the  veflels,  be- 
caufe  they  are  made  to  fupport  their  ramifications. 

A.  The  ftalk  of  the  lamella. 

B.  The  threads  of  the  convex  part.  We  fee 
that  they  are  tied  together  by  a  very  fine  mem¬ 
brane,  but  that  their  extremities  are  not  joined. 

C.  Thofe  of  the  concave  part. 

D.  The  foot  with  its  gutter. 

Fig,  9.  reprefents  two  lamellae  feen  in  front, 
and  furnifhed  with  their  threads. 

A.  The  lamella^  which  makes  the  convex  fide 
of  the  lamina. 

B.  The  lamella.^  which  makes  the  concave 
fide  of  the  fame  lamina. 

We  fee  by  this,  that  the  bony  threads  are  lon¬ 
ger  in  the  concave  fide  of  the  lamella  A,  and 
{hotter  in  the  convex  fide  of  the  lamella  B.  So 
that  thefe  two  lamella  always  have  their  fhorteft 
threads  towards  each  other.  This  is  what  has  not 
been  fufficiently  explained  in  the  defeription, 
where  we  have  fpoken  only  of  the  lam^lla^  which 
make  the  convex  fide  of  the  lamina,,  pig* 
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Fig.  9.  reprefents  the  lamella  feen  fidewifc, 
^nd  parted,  to  fliew  the  membrane  which  con¬ 
nects  them,  and  cord  which  terminates  it. 

A.  A.  A.  The  membrane,  which  conneCts  the 
lamella. 

B.  The  cord  which  terminates  it.  We  fee  how 
this  cord  forms  as  many  lunul^^  as  there  are 
fpaces  between  the  la?nell^e. 

Fig.  10.  reprefents  the  canal  formed  by  the 
meeting  of  the  gutter  with  the  two  feet  of  the 
lamella. 

Fig.  1 1 .  reprefents  the  aorta  opened,  to  fhew 
the  fleihy  columns,  with  which  it  is  furnilhed  on 
the  infide,  which  makes  it  very  much  fwoln  in 
this  place. 

Fig.  12*  reprefents  the  diftribution  of  the 
aorta. 

A.  The  heart. 

B.  The  auricle. 

C.  The  aorta  dilated. 

D.  Its  divihon  into  four  branches  on  each  fide. 

We  fee  that  each  of  thefe  branches  running  thro* 
the  whole  length  of  the  terminates  entirely 

in  its  extremity. 

'  E.  E.  E.  E.  Four  twigs  which  detach  them- 
felves  from  each  branch  about  an  inch  from  their 
origin,  and  diftribute  themfelves  to  the  beginning 
of  each  lamina.  The  fame  figure  fhews  how  each 
branch  is  divided  into  as  many  twigs  as  there  are 
lamella. 

Fig.  13.  reprefents  a  portion  of  a  lamina 
tached  from  one  of  the  fides  of  the  gutter,  and 
a  little  reverfed,  to  fhew  how  the  artery  is  inclofed 
in  the  middle  of  the  void,  which  the  feet  of  the 
lamella  leave  between  them.  It  is  difengaged 
from  the  vein  which  covers  it,  and  a  little  drawn 

downwards. 
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downwards,  for  the  better  difcovery  of  the  pair^ 
of  branches  which  it  gives  to  the  lamella;, 

A.  A »  The  gutter. 

A  portion  of  the  lamina. 

C.  The  artery  with  its  branches. 

Fig,  14.  A.  A.  reprefents  a  pair  of  lamin<£  de¬ 
prived  of  their  veffels. 

Fig,  14.  A.  The  trunk  of  the  artery  inclofed 

in  the  gutter  of  the  arch^ 

B.  B.  The  two  branches  of  the  fame  artery,* 
which  rife  along  the  inner  edge  of  each  lamella, 

C.  The  place  where  the  two  branches  make  an 
anaftomofis, 

D.  D.  D.  Their  little  tranfverfal  arteries,  which 
cover  the  flat  of  each  lamella. 

E.  E.  The  tube  which  ferves  for  a  vein,  and 
is  deprcflTed  on  the-exterior  edge  of  each  lamella^i 
in  which  alfo  their  little  tranfverfal  arteries  imme¬ 
diately  inofculate. 

F.  The  trunk  of  the  vein  inclofed  in  the  gut¬ 
ter  of  the  arch. 

Fig.  15.  reprefents  the  fame  arteries  detached 
from  the  lamella. 

Fig.  16  and  17.  reprefent  the  diftribution  of 
the  veins  of  the  gills. 

We  there  fee,  that  the  vein  inclofed  in  each  arch 
receives  almoft  j  of  the  diftance  from  each  of  its 
extremities  two  branches,  each  of  which  returns 
from  each  row  of  the  lamina  to  which  it  is  ap¬ 
plied,  whereas  it  is  the  middle  of  this  vein  that 
furnilhes  itfelf  to  the  part  of  the  middle  of  this 
lamina.,  under  which  it  is  couched.  This  diftri¬ 
bution  is  made  thus  differently,  only  to  make  the 
courfe  of  the  veffels,  which  go  to  the  lamelUy 
more  fure  and  eafy. 

A.  A.  A.  The  trunk  of  the  vein  of  the  gills, 
which  is  couched  above  the  aorta, 

B.  B.  B.  B. 
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B.  B.  B.  B.  The  place  where  each  vein  divides 
into  three. 

% 

C.  C.  C.  C.  The  place  where  thefe  veins  are 
inferred  into  the  trunk  marked  A. 

D.  D.  D.  D.  The  place  where  each  of  thefe 
veins  fubdivides  into  three  more  ;  of  which  there 
are  tv/o  alfo,  which  return  from  the  lamellce, 

E.  E.  The  place,  where  thefe  veins  are  re¬ 
united  by  pairs  on  each  fide. 

F.  The  trunk  formed  by  their  meeting.  It  is 
to  be  obferved,  that  as  foon  as  each  of  thefe  veins 
comes  out  of  the  extremity  of  the  gutter  of  the 
arch,  the  fides  of  their  canal  become  thicker,  and 
take  the  fame  confidence  with  the  arteries,  where¬ 
as-  all  the  reft  of  thefe  veins  is  as  thin  and  fine  as 
the  fineft  lymphatic  velfel. 

G.  The  branch  of  the  laft  arch,  which  before 
the  reunion  cafts  off  feveral  branches,  which  go  to 
the  eye,  the  nofe,  the.brain,  and  to  all  the  neigh¬ 
bouring  parts  of  the  head. 

-  It  fupplies  the  place  of  'the  afeending  aorta^ 
and  the  trunk  formed  by  the  meeting  of  thefe ' 
veins,  which  are  become  arteries,  ferves  for  a 
defeending  aorta. 
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I.  On  fome  fingularities  of  France. 

AS  the  academy  continues'  its  defign  of  ex¬ 
amining  all  the  wonders  of  the  naturals 
hiflory  of  France^  there  has  been  mention  made 
of  the  Montague  de  I* Aiguille  in  Dauphiny^  other- 
wife  called  the  inacceflible  mountain.  The  fitu- 
ation  of  it  is  reverfe,  and  it  is  pitched  if  I  may 
fo  fpeak,  on  its  fummit  and  point,  for  it  is  but 
1000  paces  round  at  its  bafe,  and  yet  is  2000  at 
top.  Hence  it  obtains  the  name  inaccefTible  : 
However  when  Charles  VIII.  went  into  Italy  in 
1492,  he  fent  fome  perfons  of  fufHcient  courage 
and  dexterity,  to  climb  up  to  the  top  of  this 
mountain.  They  found  only  Chamois  upon  it, 
and  it  is  not  eafy  to  comprehend,  how  thefe  ani¬ 
mals,  which  had  ufed  no  induftry,  could  get  thi¬ 
ther.  There  were  no  frees  feen  upon  it,  there 
being  only  a  meadow.  The  way  that  they  took 
to  go  up  might  be  about  half  a  league.  Upon 
the  platform  of  this  mountain  there  is  a  pointed 
elevation,  on  which  account  it  is  called  Montague 
de  I* Aiguille^  or  the  needle  mountain. 

Another  fingularity  of  Daupbiny  is  the  grotto 
of  Notre  Dame  de  la  Balme  near  Grenoble.  It 
opens  with  a  pretty  high  arch  i  and  leads  to  a 

lake 


J 


182  History  Memoirs 

lake  inclofed  under  the  mountain,  and  Teeming 
to  be  a  league  broad.  When  Francis  I.  was  in 
“Dauphiny^  he  Tent  thither  fbme  people  in  a  boat, 
who  went  above  2  leagues  upon  the  lake,  but  be¬ 
ginning  to  hear  a  great  noife  they  were  afraid,  and 
proceeded  no  farther,  and  placed  Tome  lighted 
torches  upon  planks,  which  they  Taw  difappear 
in  a  certain  place,  which  probably  was  a  whirl¬ 
pool.  A  clergyman  of  that  country  went  thi¬ 
ther  a  few  years  afterwards,’  and  whether  he  took 
another  way  in  the  grotto,  or  was  lefs  eafily 
frighted,  or  had  an  imagination  lels  difpofed  to 
the  marvellous,  he  has  left  a  very  different,  and 
much  more  fimple  relation  of  this  voyage.  He 
Taw  Tome  falls  of  water,  he  found  fome  places 
that  were  dry,  and  others  where  the  arch  was  To 
low,  that  there  was  no  palling  without  lying  down 
flat  in  the  boat.  This  laft  circumftance  may  give 
us  fome  trouble,  but  in  fhort  the  marvellous  finks 
confiderably  in  the  fecond  relation. 

This  is  what  has  been  related  in  books  con¬ 
cerning  this  grotto,  and  the  inacceffible  moun¬ 
tain.  But  M,  Dieulamant  has  given  himfelf  the 
trouble  to  fend  the  academy  a  relation  of  the 
grotto,  which  he  has  examined  with  his  own  eyes, 
and  it  preferves  no  farther  remains  of  its  ancient 
wonders.  It  is  irregularly  hollowed  in  the  rock, 
and  its  entrance  may  be  4  or  5  toifes  in  breadth, 
and  5  or  8  in  height.  At  the  bottom  of  this 
entrance,  there  comes  out  a  little  rivulet  which 
flows  into  the  Rhone :  This  rivulet  was  almoft 
dry  in  Augufi^  when  M.  Dieulamant  went  to  fee 
the  grotto,  but  he  judged  by  the  channel,  that 
it  was  always  very  fmall.  The  grotto  is  forked. 
In  the  part  on  the  right  hand,  there  are  a  great 
many  congelations  of  the  water  that  diftills  thro* 
the  rocks.  In  the  part  on  the  left  hand,  fome 
X  waters 
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waters  diftil,  which  make  part  of  the  rivulet. 
They  fall  at  firft  into  a  pretty  large  natural  bafon, 
below  whrch  there  are  feveral  other  fmall  ones, 
which  make  a  pretty  agreeable  cafcade.  At  the 
end  of  this  grotto  is  a  fort  of  opening  hollowed 
alfo  in  the  rock,  at  the  bafe  of  which  is  the  wa¬ 
ter  that  forms  the  greateft  pare  of  the  rivulet. 
This  is  what  is  called  the  lake,  becaufe  the  water 
is  dormant.  It  is  half  a  foot,  or  at  moft  a  foot 
in  depth.  The  alley,  v/here  this  fort  of  lake  is, 
appeared  to  M.  Dieulamant  to  be  not  above  20 
toifes  in  length,  contradling  itfelf  a  little;  for 
from  the  beginning  where  he  was,  he  thought  he 
faw  the  end  with  torches.  The  people  of  the 
country  affirmed  that  there  was  notliing  beyond. 
This  however  is  the  abyfs  where  the  torches  were 
fwal  lowed. 

If  M.  Dieulamant  had  examined  the  inac- 
ceflible  mountain,  perhaps  that  alfo  might  have 
been  reduced. 

The  floating  iflands  in  a  lake  near  St.  Omerj 
have  alfo  been  reviewed,  and  found  to  be  lefs 
wonderful.  They  are  properly  nothing  but  tufts 
of  the  roots  of  grafs  mixe  with  a  little  fat  earth. 

<11.  On  the  apparent  largejtefs  of  the  hori-^ 

zontal  moon. 

It  fhould  feem  that  the  apparent  largenefs  of 
an  objed,  muft  depend  on  the  largenefs  of  the 
image  that  it  traces  on  the  bottom  of  the  eye, 
and  yet  fometimes  the  contrary  happens,  and  the 
moon  of  which  our  eye  receives  a  fmaller  objed 
at  the  horizon  than  at  the  meridian,  becaufe  it  is 
then  farther  from  us,  appears  much  larger  at  the 
horizon. 


This 
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'  This  ,  Ph^enomenon  has  very  much  embaraffed 
the  greateft  philofophers  among  the  moderns, 
as  it  often  happens  that  when  we  give  very  diffe¬ 
rent  explications  of  one  and  the  fame  thing,  none 
cf  them  is  true.  F.  Gouyi  has  not  been  contented 
v/ith  what  has  hitherto  been  imagined  on  this 
fubj/dl :  Defcarles  fays  that  when  the  moon  rifes 
or  lets,  a  long  feries  of  objefls  oppofed  between 
us,  and  the  extremity  of  the  fenfible  horizon, 
make  us  imagine  it  farther  off  than  when  it 
is  in  the  meridian,  where  our  eye  fees  nothing 
between  it  and  ourfelvcs,  that  this  appearance  of  a 
greater  diftance  makes  us  imagine  the  moon  larger, 
becaufe  an  objedl  that  we  fee  under  a  certain  angle, 
and  think  at  the  fame  time  to  be  very  far  off,  na¬ 
turally  makes  us  judge  it  to  be  very  large,  to  ap¬ 
pear  fo  far  off  under  that  angle,  and  thus  a  mere, 
tho’  necefftry  judgment  of  our  mind,  which  is 
common  to  all  men,  makes  us  fee  the  moon  lar¬ 
ger  at  the  horizon,  in  fpite  of  the  fmaller  image 
that  is  painted  on  the  bottom  of  the  eye.  But 
F.  Gouye  yat  once  deftroys  this  fo  ingenious  an 
explication,  by  affirming  that  the  more  the  hori¬ 
zon  is  bounded,  the  more  large  the  moon  appears 
to  us.  M.  Gaffendi  pretends  that  the  pupil  of 
the  eye,  which  is  conflantly  mod  open  in  the 
dark,  being  more  fo  in  the  morning  and  evening, 
becaufe  thicker  vapours  are  commonly  fpread 
over  the  earth,  and  becaufe  it  mud  alfo  traverfe 
a  longer  way  to  look  at  the  horizon,  the  image 
of  the  moon  enters  the  eye  under  a  greater  an¬ 
gle,  and  paints  itfelf  really  larger.  But  notwith- 
danding  this  dilatation  of  the  pupil  caufed  by 
the  darknefs,  if  vve  look  at  the  moon  thro’  a 
little  tube  of  p^per,  we  ffiall  fee  it  fmaller  at  the 
horizon. 


To 
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To  find  any  reafon  therefore  for  fo  odd  a 
FhcBnomenoriy  F.  Gouye  conjedfures  that  when  the 
moon  is  in  the  horizon  near  the  earth,  the  thicker 
vapours, with  which  this  planet  is  then  encompafled 
with  regard  to  us,  have  the  fiiine  effcdl  with  a 
1ya.ll  placed  behind  a  column,  which  then  appears 
much  bigger  than  if  it  ftood  by  itfelf,  and  was 
encompaffed  all  Tides  by  an  enlightened  air. 
Befides  a  fluted  column  .appears  bigger  than  a 
plain  one,  becaufe  the  flutings  make  fo  many  par¬ 
ticular  objeds,  which  by  their  multitude  give 
room  to  imagine,  that  the  total  objeft  which 
they  compofe  is  of  a  greater  bulk.  It  is  much 
the  fame  with  all  the  objedbs  that  are  fpread  on 
that  part  of  the  horizon,  with  which  the  moon 
correfponds  when  it  is  near  them ;  which  caufes 
it  to  appear  greater  when  it  rifes  Behind  trees,  the 
intervals  between  which  being  clofer  and  more 
obfervable,  have  almoft  the  fame  efledb  on  the 
apparent  diameter  of  this  planet,  as  a  greater  num¬ 
ber  of  flutings  would  have  on  the  body  of  a 
pillar. 

III.  On  a  body  of  fire  feen  iri  Normandy, 

The  7th  of  Jan.  an  hour  before  day,  there  ap¬ 
peared  to  the  inhabitants  of  la  Hague  in  lower 
Normandy.,  a  body  of  fire  fo  bright  that  it  eclip- 
fed  the  light  of  the  moon,  and  that  the  inhabi¬ 
tants  of  S.  Germain  des  Vaux.,  and  of  AudervillCy 
two  great  villages  fituated  on  the  banks  of  the 
fea,  thought  it  at  firfl:  to  have  been  day,  and 
were  much  frightened  at  fuch  a  prodigious  light. 
The  figure  of  this  fire  was  like  a  great  tree,  and 
ran  from  W.  N.  W.  to  E.  S.  E.  it  did  not  fall  till 
an  hour  after  day-light,  and  then  with  fo  great  a 
noife,  that  the  houfes  of  thofe  two  villages  fhook 
VoL.  I.  N^.  5.  A  a  with 
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with  it.  They  who  were  1 2  leagues  from  C^^r- 
hourg^  thought  it  had  fallen  on  Valognes^  and  they 
of  Valogms  thought  it  had  been  P.n  Cherbourg. 
But  as  the  inhabitants  of  la,  B.agiie  were  the  only 
ones  who  heard  the  noife,  and  felt  the  {hock  caufed 
by  its  fall,  they  are  the  more  credible  witnelfes  in 
this  point.  It  appear’d  to  them  as  if  ilus  liame 
was  loft  in  the  fea,  near  the  Jit^W  ifle  of  OrignU 
and  this  appearance  was  not  much  unlike  that  of  a 
great  fhip  on  fire.  The  academy  was  obliged  to  M. 
do  Sene£ey  a  gentleman  of  lower  Normandy  for 
the  information  they  received  of  this  pkcenamenon, 

IV.  On  th^  yellow  amber. 

It  is  commonly  thought  that  yellow  amber, 
which  is  found  in  the  Dmtzlck  fea,  is  a  gum  which 
is  produced,  and  falls  from  certain  trees  fituated 
on  the  banks  of  this  fea.  But  M.  Tournefort  re¬ 
ceived  an  account  from  that  yellow  amber 
is  to  be  found  in  the  moft  bare  and  barren  cliffs 
of  the  rocks  of  Provence ;  which  ftiould  incline 
us  to  believe  that  this  gum  is  mineral  and  not 
vegetable  ;  and  that  the  amber  which  is  in  the 
fea  of  Dantzick^  did  not  fall  therein  from  trees, 
but  was  conveyed  thither  by  land  floods. 

V,  On  a  change  made  in  the  texture  of  bodiec 
by  exterior  motion  only. 

It  is  well  known  what  force  an  inward  motion 
hath,  when  diffufed  thro’  all  the  infenfible  parts 
of  a  body  to  change  the  texture  of  it,  and  pro¬ 
duce  great  alterations.  But  that  a  meer  outward 
motion,  which  feems  to  terminate  in  the  whole 
maft  without  agitating  the  parts,  fliould  produce 
the  fame  effeds,  is  fomething  more  furprizing. 
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at  leaft  to  a  natural  philofopher.  M.  Homherg 
fays,  that  having  tied  a  bottle  of  wine  to.  the 
clapper  of  a  mill,  he  found  that  the  motion  of 
this  clapper  alone  had  changed  the  wine  into 
very  good  vinegar  in  the  fpace  of  three  days ;  and 
that  a  pound  of  quickfilver  had  by  the  fame 
means  in  three  months  time,  given  4  or  5  ounces 
of  a  blackifh  powder, 

VI.  Of  the  trembling  of  the  yjej'ves  of  a 

frog  after  death, 

M.  Du  Verney  fhewed  a  frog  juft  dead,  which 
in  taking  the  nerves  of  the  belly  of  this  animal 
which  go  to  the  thighs  and  legs,  and  irritating 
them  a  little  with  a  fcalpel,  trembled  and  fuf- 
fercd  a  fort  of  convulfion.  Afterwards  he  cut 
thefe  nerves  in  the  belly,  and  holding  them  a 
little  ftretched  with  his  hand,  he  made  them  do 
fo  again  by  the  fame  motion  of  the  fcalpel.  If 
the  frog  had  been  longer  dead,  this  would  not 
have  happened,  in  all  probability  there  yet  re-* 
malned  fome  liquor  in  thefe  nerves,  the  undula¬ 
tion  of  which  caufed  the  trembling  of  the  parts 
where  they  correfponded,  and  confequently  the 
nerves  are  only  pipes,  the  effedt  whereof  depends 
upon  the  liquor  which  they  contain, 

VH.  Of  a  font  found  hi  the  bladder  of  a 

mare. 

The  academy  has  feen  in  the  hands  of  M.  Le^ 
mery^  a  ftone  found  in  the  bladder  of  a  mare, 
which  weighed  23  ounces  7  drams.  It  is  4  in¬ 
ches  j  in  diameter  one  way,  and  4  t  the  other. 
It  is  the  fize  of  a  midling  melon,  covered  with 
^  fort  of  fmpoth  and  ftiining  fkin.  Its  fubftance 

A  a  2  is 
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is  afh-colour,  and  it  is  hardened  fince  it  has  been 
drawn  from  the  animal,  altho’  it  is  Hill  very  fri¬ 
able.  It  has  alfo  loft  in  drying  a  very  ftrong  fmell 
of  urine,  which  it  had  at  fir  ft. 

VIII.  Of  a  monfrous  double  leveret. 

M.  Lemery  brought  alfo  to  the  aflembly  a  mon- 
ftrous  leveret,  or  rather  two  leverets  joined  toge¬ 
ther  from  the  head  to  the  breaft.  They  had  but 
one  head  and  one  face,  tho’  they  had  four  ears. 
In  the  place  for  the  mouth  there  was  only  a  little 
Cvavity  without  any  opening  to  receive  the  nourifh- 
ment.  Neverthelefs  they  lived,  and  even  out  of 
their  mother’s  belly  *,  for  they  were  taken  with 
the  hand  by  a  huntfman.  This  double  animal 
was  walking  in  a  wood,  bnt  one  of  the  leverets 
drew  one  way,  and  the  other  another  way,  fb 
that  they  did  not  get  forward  at  all.  They  told 
M.  Lemery^  that  in  opening  therai,  they  had 
found  in  each  a  heart;  lungs,  and  ftomach,  all 
found, 

IX.  On  a  new  telefcope-glafs. 

'^Sfchirnhaus  has  informed  the  learned  of  the 
eftedts  of  a  new  glafs  which  he  has  made. 

This  glafs  is  convex  on  both  fides,  and  32  feet 
of  focus.,  but  it  is  extraordinary  by  the  largenefs  of 
its  diameter ;  for  as  the  greateft  glafles  of  the  fame 
focus.,  which  have  hitherto  been  ufed  are  only  4 
or  5  inches  in  diameter,  this  is  more  than  a  Rhe~ 
niflj  foot,  and  at  firft  it  had  two  feet,  but  it  was 
injur’d  by  accident.  From  hence  we  may  judge 
what  the  machine  muft  be  that  WL.'Tfchirnhaus 
has  invented  to  cut  fuch  great  glaffes. 
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All  dioptricks  feem  to  be  reverfed  by  the  ef- 
fedls  which  it  produces.  For  example,  the  com¬ 
mon  object  glafles  of  telefcopes,  tho*  fmall  enough 
already,  have  very  little  aperture  left  them,  and 
yet  M.  ^fchirnhaus  leaves  his  quite  open,  not- 
withftanding  it  is  fo  large. 

To  underftand  the  reafon  of  the  common  prac¬ 
tice,  and  the  particularity  of  this  of  M.  Tfchirn- 
haus^  you  muft  know  exadtly  how  the  image  of  a 
luminous  point,  the  rays  of  which  have  traverfed 
it,  is  made  in  focus  of  a  cpnvex  glals.  Let  us 
fuppofe  this  glafs  to  be  an  entire  hemifphere.  The 
rays  that  the  luminous  point  fends  upon  the  fur- 
face  of  this  hemifphere,  do  not  reunite  them- 
felves,  after  having  crolTed  it,  upon  one  finglc 
point  of  its  axis^  as  we  might  imagine,  from  the 
rules  of  i\\Q  focus^  and  of  the  reunion  commonly 
ufed  in  this  fubjeft.  On  the  contrary  they  have  a 
pretty  large  fpace,  but  much  lefs  than  the  furface 
of  the  hemifphere  on  ^hich  they  were  before 
fpread.  Thus  altho’  they  are  notexadlly  reunited, 
they  are  more  clofe  one  to  the  other  than  they 
were.  Moreover,  in  the  extent  of  the  fpace 
which  they  fill,  they  are  unequally  clofe,  lefs  fo 
toward  the  extremities,  and  much  more  toward 
the  middle,  that  is  toward  the  axis  of  the  hemi-^ 
fphere,  and  there  one  would  think  they  were  en¬ 
tirely  united  in  one  point.  Thefe  rays  nearly 
united  upon  the  axis^  are  thofe  which  are  entered 
toward  the  axis^  that  is,  towards  the  middle  of 
the  hemifphere,  and  as  all  the  others,  which  fall 
upon  the  reft  of  the  furface,  unite  very  ill,  they 
take  away  all  this  remainder  of  the  hemifphere, 
and  preferve  only  the  middle  of  it  to  make  the 
objeAs.  But  there  is  alfo  another  obfervation  to 
be  made.  The  rays  which  have  been  refradfed, 
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naturally  form  colours  and  Iris's^  unlefs  ^ey  are 
not  reunited  by  the  refradlion,  or  at  leaft  extremely 
locked  againft  each  other.  Thus  an  object  glafs, 
which  is  only  a  little  remnant  of  the  hemifphere^ 
is  nevc-rthelefs  comirionly  very  large,  becaufe  it 
receives  rays  towards  its  edg'es,  which  after  being 
refracted  do  not  again  clofe  themfelves  enough, 
and  make  Iris’s  very  inconvenient  to  the  obfer- 
vers.  It  is  for  this  reafon  they  cbver  the  edge  of 
the  object  glafsi  and  that  they  leave  only  a  little 
round  extent  about  its 

M.  I'fchirnhms  difapproves  of  this  pradfice,  in 
all  appearance  fo  well  founded,  and  fuppofes  there 
are  many  other  errors  in  opticks,  which  fhould  be 
rooted  out'.  He  does  nbt  leffen  at  all  the  great  furfaCe 
of  his  objed;  glafs,  but  he  has  fome  fecret  about  it, 
which  he  has  not  yet  difeovered.  It  is  always  cer¬ 
tain,  that  it  would  be  advantageous  to  leave  a 
larger  aperture  to  the  objeft  glaffes  provided 
there  is  no  other  Inconveniencics,  becaufe  there 
would  come  more  rays  to  the  fame  point. 

M.  Tfehirnhaus’s  object  glafs  may  be  ufed 
without  an  eye-glafs,  which  is  a  very  great  ad¬ 
vantage,  for  the  more  glaffes  there  are  in  a  te- 
lefcope,  the  more  rays  there  are  refleded  upon 
their  furfaces  which  are  loft  to  the  obfervers.  M. 
Tfehirnhaus  alfo  aflbres  us,  that  the  objefts  fhew 
themfelves  more  dear  with  his  fingle  glafs,  than 
they  have  yet  been  feen  with  telefcopes.  He  af¬ 
firms  alfo,  that  they  appear  more  clear,  than  to 
the  naked  eye,  -altho^  fome  refiedions  of  rays  are 
peceffarily  made  upon  this  glafs,  but  this  lofs  is 
probably  more  than  recompenfed  by  the  great 
number  of  rays  in  the  fame  point,  which  the  great 
extent  of  its  furface  focus  caufes  to  enter  into 
the  eye. 
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This  glafs  may  be  ufed  withouc  a  tube,  and  in 
another  manner  than  that  which  M.  Huygens  men-, 
tions  in  his  aiftrofcopy.  For  the  obje<51;  Ihews  it- 
(elf  always  diftin<51:ly,  notwithilanding  the  rays 
of  the  llin  which  pafs  between  it  and  the  eye. 

The  fpace  which  may  be  fcen  at  once  with  this 
glafs,  is  of  an  incredible  fize.  M.  Ifchirnhaus 
affirms,  that  without  tube  or  eye-glals,  he  has 
feen  very  difl:in<flly  at  noon,  an  entire  town  at  the 
diftance  of  a  German  mile  and  half. 

So  many  fingularities  of  M.  ^fchirnhatish  glafs 
foretel  great  and  happy  novelties  in  dioptricks. 

X.  On  the  centres  of  converfon^  •  and  on 

fridiions. 

If  a  ftick  be  laid  upon  a  ftagnant  water,  and 
drawn  by  a  thread  fixed  to  it,  fo  that  the  thread 
makes  always  the  fame  angle  with  the  ftick,  for 
example,  always  a  right  angle,  the  ftick  will  be 
found  to  turn  upon  one  of  its  points  which  will 
be  immoveable,  which  yi,. Parent  calls  the  centre 
of  converfion.  We  may  fuppofe  for  the  greater 
cafe,  that  the  thread  be  faftened  to  one  end  of 
the  ftick. 

This  efie6b  arifes  from  the  refiftance  of  the 
fluid,  and  from  the  manner  wherein  it  divides. 
For  let  us  imagine  the  firft  moment  of  the  tradion; 
it  is  certain,  that  the  refiftance  of  the  parts  of  the 
fluid  which  are  to  be  difplaced,  tends  to  make 
the  ftick  turn  about  the  point  where  the  thread  is 
faftened,  as  about  a  centre,  fo  that  in  the  prefenc 
fuppofition,  the  ftick  deferibes  exadlly  a  quadrant 
of  a  circle,  after  which  the  fluid  would  no  longer 
rellft  the  ftick  lengthwife.  But  if  this  circular 
motion  is  executed,  the  free  end  of  the  ftick,  and 
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the  parts  which  are  neareft  to  it,  would  defcfibe 
longer  arches  of  circles  than  the  others,  and  have 
a  greater  velocity.  The  refiftance  therefore  of  the 
fluid,  which  tends  to  imprefs  a  circular  motion  on 
the  (tick  about  the  point  where  the  thread  is  tied, 
tends  to  imprefs  a  greater  velocity  on  the  parts, 
which  are  towards  the  other  extremity,  or,  which 
comes  to  the  fame  things  thefe  parts  have  need  of 
a  greater  velocity,  to  furmount  the  refiftanoe  of 
the  fluid,  fo  that  the  flick  does  not  take  this  cir¬ 
cular  motion  about  the  point  where  the  thread  is, 
or  the  refiflance  of  the  fluid  is  greater  towards 
the  free  end  of  the  flick,  and  flill  leflfens  from 
thence  towards  the  other  end.  Now  we  muft 
fuppofe,  that  all  the  columns  or  threads  of  water, 
which  reflfl  the  flick,  are  of  the  fame  length,  or  of 
the  fame  mafs.  Therefore  vve  may  find  upon  the 
flick  fuch  a  point,  that  taking  a  greater  number 
of  thefe  threads  on  the  fide  where  they  refift  leafl, 
and  a  lefs  number  on  the  fide  where  they  refift 
mofl,  there  will  be  an  exadl  compenfation,  and 
the  forces  will  be  equal  on  both  Tides.  It  is  this 
point  which  is  the  centre  of  converfion,  and  as 
the  fame  reafoning  has  place  in  all  moments  of 
the  traclion,  which  is  made  always  in  the  fame 
manner,  this  centre  is  always  the  fame  point. 

If  the  angle  of  the  thread  with  the  flick  fhould 
ceafe  to  be  a  right  one,  and  become  obtufe,  the 
centre  of  converfion  would  neverthelefs  be  always 
at  the  fame  point,  becaufe  the  refiflance  of  the 
fluid,  altho  lefs  in  itfelf,  is  always  according  to 
the  fame  proportion,  greater  towards  the  free 
end  of  the  flick,  and  lefs  towards  the  other  end, 
which  appears  vifibly  by  the  circular  motion 
which  it  always  tends  to  imprefs  on  the  flick,  al¬ 
tho*  this  motion  need  not  be  an  entire  quadrant  of 
a  circle.  But  if,  after  having  drawn  the  flick  by 
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its  thread  under  a  right  angle,  we  draw  it  under 
an  obtufe  one,  the  centre  of  convcrfion,  which 
would  not  change  its  place  upon  the  (tick,  would 
change  it  in  the  fluid,  becaufe  the  whole  flick 
would  make  a  motion,  and  we  fhould  not  fee  it 
turn  any  longer  upon  the  fame  immoveable 
point. 

The  grand  queftion  is  to  know  precifcly  at 
what  point  the  centre  of  converfion  is  to  be  founds 
and  it  is  this,  which  M.  Parent  has  determined 
by  an  algebraical  calculation,  adding  fome  other 
general  confiderations  of  mechanicks,  befides 
thofe  which  are  particular  to  this  'phcsnomenon^ 
and  which  are  the  only  ones  that  we  have  related  5 
he  finds  that  if  the  flick  drawn  by  one  extremity 
be  a  fingle  line,  divided  into  20  parts  counting 
from  the  thread,  the  centre  of  convcrfion  will  be 
nearly  on  the  1 3th.  If  it  be  not  any  more  a  line, 
but  a  furface,  or  a  folid  that  is  drawn,  there  will 
be  fome  change  in  the  fituation  of  the  centre  of 
converfion,  according  to  the  furface  or  the  folid„ 
All  this  requires  a  great  detail  of  algebraical  cal¬ 
culations,  into  which  M.  Parent  has  entered. 

if  inflead  of  fuppofing  here  that  the  body  drawn 
fwims  upon  a  fluid,  we  fuppofe  it  upon  a  rough 
Uneven  plane,  the  refiflance  of  the  plane  to  the 
motion  of  the  body  will  always  divide  itfelf  in 
the  fame  manner,  and  determine  the  fame  centre 
of  converfion. 

This  refinance  is  exadlly  what  they  call  the 
fridlion,  fo  prejudicial  to  the  effedl  of  all  ma¬ 
chines  ;  and  the  theory  of  centres  of  converfion 
which  might  appear  at  firfl  very  little  ufeful, 
has  been  of  fervice  to  M.  Parent^  in  the  inqui¬ 
ries  and  determination  of  the  force  of  fridlions. 

To  confine  in  certain  bounds  this  queflion, 
which  makes  innumerable  and  confequently  in- 
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folvabic,  the  endlefs  differences  of  furfaces  which 
may  rub  together,  M.  Parent  confiders  only  one 
body  perfectly  hard,  v^hich  rubs  either  upon  a 
very  ktrd  body,  or  a  very  loft  one,  that  is,  a 
fluid,  Thefe  two  extremes  being  once  known, 
we  fhall  judge  pretty  nearly  of  all  thofe  which 
are  between  them. 

Each  of  thefe  two  cafes  divides  again  in  two, 
for  it  is  a  queftion  to  know  the  neceffary  effort 
either  to  move  the  lead  that  is  poffible,  that  is 
to  begin  to  move  one  body  upon  another,  or  to 
move  them  with  a  certain  given  quicknefs. 

If  the  body,  upon  which  the  very  hard  body 
mud  move,  is  fluid,  experiment  alone  can  de¬ 
termine  the  fize  of  the  fird  effort,  bdt  this  fird 
effort  being  once  found,  thofe  v/hich  will  be  necef¬ 
fary  to  imprcfs  fuch  velocity  as  we  would,  will 
be  between  themfelves  as  the  fquares  of  thefe  ve¬ 
locities,  for  the  refldance  of  the  fluid  does  not 
increafe  only,  becaufe  the  body,  which  is  moved 
upon  it,  is  moved  fader,  but  alfo  becaufe  being 
moved  fader,  it  meets  and  fhocks  many  more 
particles  of  the  fluid,  v^hich  makes  a  double 
ratio^  or  fquares. 

If  the  body  upon  which  the  very  hard  body  is 
moved,  be  alfo  very  hard,  M.  Parent  confiders 
the  two  furfaces  of  them  as  quite  fet  round  with 
equal  hemifpheres,  fo  that  the  hcmifpheres  of  the 
upper  bodies  are  engaged  in  thofe  of  the  lower. 
They  mud  be  difengaged  and  raifed  to  begin  the 
motion.  This  figure  helps  M.  Parent  to  make  a 
calculation,  and  he  finds  by  pure  geometry  that 
in  this  fuppofition,  to  raife  a  weight  of  20  Ih, 
there  would  be  required  a  force  which  was  either 
14  lb.  when  one  of  the  hemifpheres  of  the  upper 
body  mud  be  raifed  above  two  of  the  lower,  or, 
only  7  lb.  when  it  was  to  be  raifed  above  one. 

I  Now 
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Now  as  thefe  two  cafes  meet  at  once  with  regard 
to  the  different  parts  of  the  fame  furface,  there 
is  then  required  a  mean  force  between  14  and  7, 
or  between  ii  and  10.  This  proportion  is  ex- 
a6lly  that  which  M.  Amontens  has  determined  by 
the  experiment  of  glaffesand  their  polifliers,  which 
are  very  hard  bodies,  and  which  wear  very  little 
by  one  fingle  fridion,  which  brings  them  very 
near  the  fuppofition  of  M.  Parent. 

When  the  lower  body  is  covered  with  any  fat 
fubftance,  the  intervals  of  the  hemifpheres  of  its 
furface  are  filled  in  fuch  a  manner,  that  thofe  of 
the  upper  body  do  not  engage  themfelves  any 
more,  and  may  begin  to  move  themfelves  with¬ 
out  being  fenfibly  raifed.  Then  in  this  cafe,  the 
force,  which  moves  the  weight  of  20  lb.  mufl  be 
iefs  than  the  fmalleft  which  can  move  in  the  cafe 
where  it  fhould  raife  the  hemifpheres  to  their 
whole  height  ^  that  is,  this  force  mufl  be  lefs 
than  7  lb.  M.  Amontons  has  found  by  the  expe¬ 
riments  related  in  the  memoirs  of  1699  that  it  is 
the  third  part  of  the  weight,  and  confequently  in 
the  prefent  fuppofition  6  lb.  j  which  is  under  7. 
M.  Parenl^s  geometry,  akho’  in  a  matter  which 
feems  to  have  efcaped  geometry,  has  conduded 
him  to  the  fame  point  where  M.  Amontons  is  ar¬ 
rived  by  experiment. 

The  comparifon  of  different  velocities  with 
which  we  would  move  one  of  thefe  bodies  upon 
the  other,  always  according  to  the  hypothefis  of 
the  hemifpheres,  has  thrown  M.  Parent  into  a 
yet  more  complicated  and  delicate  geometry.  All 
that  we  can  here  gather  which  is  clear  and  and  fen- 
fible  enough,  is,  that  the  refiflance  of  the  lower 
bodies  to  the  motion  of  the  upper  does  not  increafe 
n  the  fime  ratio  with  the  velocity  of  the  upper 
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one,  and  even  does  not  increafe  more  fenfibly  be¬ 
yond  a  certain  point,  altho’  this  velocity  increafes 
alfo  as  much  as  you  will. 

Let  us  imagine  with  M.  Parent^  the  upper 
body  entirely  reduced  to  only  one  of  the  hemi- 
fpheres  of  its  furface,  without  lofing  any  of  its 
weight,  and  that  this  hemifphere  pafTes  fucceffively, 
and  with  a  horizontal  motion,  upon  a  row  of 
lower  hemifpheres,  equal  to  it,  falling  at  each 
moment  between  their  intervals,  and  raifing  it 
felf  continually.  If  the  vreight  of  this  upper 
hemifphere  be  fuch,  that  it  muft  in  a  fecond  make 
it  run  over  a  vertical  fpace  equal  to  the  height  or 
depth  of  the  intervals,  which  are  between  the 
lower  hemifpheres,  and  if  the  horizontal  motion 
of  the  upper  hemifphere  is  fuch,  that  it  makes 
in  a  fecond  but  one  interval  of  two  lower  hemi¬ 
fpheres,  it  is  certain  that  at  each  fecond  it  will 
fink  entirely  into  one  of  thefe  intervals,  that  is, 
it  will  infert  it  felf  as  much  as  pclfible.  But  if 
by  its  horizontal  motion,  it  can  run  over  two  in¬ 
tervals  in  one  fecond,  it  will  enter  into  each  but 
half  of  its  depth,  becaufe  thefe  two  halves  put 
together  will  make  all  the  height,  which  its  weight 
ought  to  caufe  to  fall  in  one  fecond.  It  is  then 
vifible  that  the  more  the  horizontal  motion, 
(which  may  increafe  without  end)  is  great  with 
refpe^l  to  the  vertical  motion  of  the  weights, 
which  cannot  change,  fo  much  the  lefs  will  the 
upper  hemifphere  fink  and  infert  itfelf  into  the 
lower  ones,  and  in  fine  the  horizontal  velocity 
may  be  fuch,  that  the  upper  hemifphere  will  not 
touch  the  lower  one  but  by  their  fummits,  after 
which  the  fri£lion  will  not  encreafe  more  fenfibly 
by  the  increafe  of  the  velocity.  But  it  muft  be 
well  obferved,  that  the  fri(5lion  will  never  be  null, 
becaufe  let  the  horizontazi  velocity  be  ever  fo  great. 
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as  it  cannot  but  be  finite  and  determined,  that 
of  the  vertical  motion  of  the  weight  is  always 
fomething  with  regard  to  it. 

The  more  quick  a  body  moves  in  a  fluid,  the 
more  parts  it  meets,  the  multitude  of  which  is  a 
greater  obftacle ;  and  on  the  contrary  the  more 
quick  a  body  moves  upon  a  very  hard  body,  the 
lefs  it  is  engaged  in  the  intervals  of  its  parts,  and 
confequently  is  lefs  detained  by  them. 

XL  On  the  bodies  which  fwim  in  liquors. 

It  is  well  known,  that  a  body,  of  the  fame 
fpecific  gravity  with  a  liquid  in  which  it  is  im- 
merged,  remains  in  whatfoever  place  it  is  put ; 
but  if  it  is  lighter  than  the  liquid,  it  fwims  upon 
it,  having  one  part  immerged  more  or  lefs,  ac¬ 
cording  to  the  proportion  ot  its  gravity,  to  that 
of  the  liquid,  and  if  it  is  heavier,  it  goes  to  the 
bottom.  All  mathematicians  have  demonftrated 
the  neceffity  of  thefe  effedls. 

This  is  only  with  regard  to  the  place  of  a 
body  in  a  liquid,  but  the  fituation  of  this  body 
in  the  fame  liquid,  is  different  from  the  place 
which  it  there  occupies.  For  example,  a  fphere 
which  there  makes  a  half  turn  upon  its  centre, 
would  change  its  fituation,  becaufe  the  upper 
part  would  become  the  lower,  but  it  would  not 
change  its  place. 

Let  us  imagine  a  body  compofed  of  two  dif¬ 
ferent  parts  immerged  in  water,  one  lighter,  and 
the  other  heavier  than  the  water,  as  of  wood  and 
lead,  fuppofe  alfo  the  quantity  of  thefe  two  parts 
fo  proportioned,  that  the  whole  together  weighs 
exactly  as  much  as  an  equal  bulk  of  water.  Ima¬ 
gine  laftly  the  body  to  be  fpherical.  It  is  plain 
that  more  than  f  the  fphere  will  be  wood. 
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This  body  will  have  two  centres ;  one,  its 
centre  of  figure  and  extent,  that  is,  the  point 
of  the  middle  of  the  fphere :  the  other,  its  cen¬ 
tre  of  gravity,  that  is,  the  point  of  a  horizontal 
diameter  by  which  it  fhould  be  fufpended,  that 
the  two  parts  of  wood  and  lead,  of  unequal 
weight,  may  remain  in  equilihrio.  Now  we 
know  that  to  put  them  in  equilihrio  the  point 
of  fupport,  or  which  is  the  fime  thing,  the  cen¬ 
tre  of  gravity,  mull  be  neareft  to  the  heavieff, 
and  confequently  the  centre  of  gravity  of  this 
fphere,  heterogeneous  in  its  parts  would  be  more 
toward  the  lide  of  the  lead,  and  would  not  be 
the  fime  point  with  the  centre  of  the  figure. 

This  fphere  being  im merged  in  water,  fo  that 
its  centre  of  gravity  be  above  it,  it  is  aflced 
what  will  happen  to  it. 

It  is  certain  that  a  body  which  has  liberty  to 
move  itfelf,  cannot  reft  till  its  centre  of  gravity 
is  funk  as  low  as  it  is  pofTible.  The  centre  of 
gravity  of  the  fphere,  that  is,  the  fphere  itfelf 
muft  then  fink,  fince  it  can. 

On  the  other  fide,  fince  it  is  of  the  fame  fpe- 
cific  weight  with  the  water,  it  ought  neither  to 
rife  nor  fall,  but  remain  exadlly  in  the  fame 
place  where  it  was  laid. 

To  reconcile  thefe  two  things,  M.  BorelU  in 
his  excellent  treatife  of  the  motion  of  animals,* 
determines,  that  the  fphere  will  turn  upon  its  cen¬ 
tre  of  figure,  until  its  centre  of  gravity  be  funk 
to  the  lower  part,  and  toward  the  earth,  pro¬ 
vided  the  body  changes  the  fituation,  and  not 
the  place. 

This  decifion  of.fo  great  an  author,  and  in 
appearance  fo  convincing,  has  not  however 
feemed  fo  to  M.  Parent  *,  and  he  has  not  been 

*  Part  I,  Cap.  23,  Prop.  207.  ' 
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afraid  to  advance  this  paradox ;  that  the  body, 
notwithftanding  the  equality  of  its  fpecific  weight 
with  that  of  the  water,  would  defend  to  a  cer¬ 
tain  point,  and  what  will  appear  yet  more  fur- 
prizing,  that  the  figure  of  the  body  would  rife, 
while  the  body  it  felf  defended. 

That  two  equal  forces,  ailing  by  lines  parallel 
to  each  other,  draw  a  rod  by  one  end  two  oppo- 
fite  ways,  is  certain,  fince  we  do  not  fuppofe 
any  fixed  point  of  this  rod,  that  it  will  turn  upon 
one  of  its  points,  and  that  this  point  will  be  the 
middle,  becaufe  thefe  two  oppofite  forces  are 
equal.  If  they  were  not,  it  would  turn  upon  ano¬ 
ther  point,  as  much  nearer  the  greater  force,  as 
this  greater  force  ihould  exceed  the  other. 

The  fphere  immerged  in  water  is  driven  down¬ 
ward  by  its  own  weight,  of  which  all  the  adlion 
is  united  again  in  the  centre  of  gravity.  It  is  at 
the  fame  time  driven  upward,  by  the  weight  of 
a  bulk  of  water  equal  to  it,  which  always  endea¬ 
vours  to  defend,  and  take  its  place,  and  all  the 
adlion  of  this  equal  body  of  water,  mufl;  be  con¬ 
ceived  as  reunited  in  the  centre  of  figure  of  the 
fphere  ,  for  we  are  confidering  the  extent  of  the 
bulk,  and  it  is  this  which  determines  the  quantity 
of  water  of  which  we  are  confidering  the  adlion. 
Here  are  two  oppofite  forces  which  adl  parallel, 
as  thefe  are  two  weights,  they  are  equal  by  the 
fuppofition,  they  are  applied  at  two  different 
points  taken  on  the  fame  diameter  of  the  fphere. 
The  fphere  therefore  muft  turn  upon  a  middle 
point,  between  thefe  two,  and  it  mufl  be  equally 
diftant  from  them. 

As  the  centre  of  gravity  of  the  fphere  had 
been  placed  above,  it  cannot  turn  upon  this 
middle  point,  without  the  centre  of  gravity 
defending,  and  at  laid  when  it  has  defended  to 

the 
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the  vertical  line,  its  aflion  ceafes  becaufe  it 
cannot  defcend  any  more,  and  the  fphere  flops. 

On  the  other  fide,  it  is  plain,  that  in  this  dif- 
pofition  the  centre  of  the  figure  which  was  below 
the  centre  of  gravity,  rofe,  and  from  thence  M. 
Parent  concludes,  that  the  body,  which  is  confi- 
dered  as  entirely  gathered  together  in  its  centre 
of  gravity,  defcended,  while  the  figure  of  the  fame 
body  rofe. 

The  fpherical  figure  was  only  taken  for  an  ex¬ 
ample,  and  it  is  clear,  that  the  fame  reafoning 
fubfifls  with  all  other  figures. 

It  fubfifls  again  when  the  two  forces  are  une¬ 
qual. 

If  the  weight  of  the  heterogeneous  body  im- 
merged  in  water,  is  greater  than  that  of  an  equal 
bulk  of  water,  and  its  centre  of  gravity  has  been 
placed  above,  not  only  this  body  mufl  immerge 
itfelf  in  the  liquid,  but  it  mufl  make  a  half  turn 
in  immerging,  becaufe  its  centre  of  gravity  mufl 
defcend  as  low  as  is  poffible  ;  after  which  the  body 
continues  to  immerge,  but  without  turning  any 
more.  It  turns  round  upon  a  point  which  is  not 
equally  diftant  from  the  centres  of  gravity  and  of 
figure,  becaufe  the  two  forces  which  are  applied 
to  it  are  unequal. 

Hence  it  comes,  that  cats,  and  many  other 
animals  of  the  fame  kind,  as  martins,  pole-cats, 
foxes,  tigers,  when  they  fall  from  a  high 
place,  generally  fall  upon  their  feet,  altho*  at 
firfl  they  were  uppermofl,  and  confequently  they 
fhculd  have  failed  upon  their  heads.  It  is  very 
certain,  they  could  not  turn  themfelves  thus  of 
their  own  accord  in  the  air,  where  they  have  no 
fixed  point  to  help  themfelves.  But  the  fear  with 
which  they  are  feized  makes  them  bend  the  fpine 
of  their  back,  fo  that  their  entrails  are  driven 

upwards 
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upwards  at  the  fame  time  they  ftretch  out  the  head 
and  legs  toward  the  place  from  whence  they 
are  fallen,  as  if  to  find  it  again,  which  gives  to 
thefe  parts  a  greater  adlion  to  raife  themfelves. 
Thus  their  centre  of  gravity  comes  to  be  different 
from  the  centre  of  figure,  and  placed  above  it, 
from  whence  it  follows  by  the  demonftration  of 
M.  Parent^  that  thefe  animals  muft  make  a  half 
turn  in  the  air,  and  turn  their  legs  again  down¬ 
wards,  which  commonly  faves  their  lives.  The 
niceft  knowledge  of  mechanicks  would  not  do  bet¬ 
ter  on  this  occafion,  than  this  confufed  and  blind 
fenfe  of  fear  does. 

If  the  weight  of  the  body  is  lefs  than  that  of  the 
water,  only  one  part  will  be  im merged,  and  we 
muft  confidcr  onlv  the  Dart  immerged  as  a  centre 
of  figure,  becaufe  it  is  that  alone  which  tries  and 
receives  the  a6i;ion  of  the  water,  one  of  the  two 
unequal  and  oppofite  forces.  As  for  the  centre 
of  gravity,  it  is  always  that  of  the  entire  bqdy, 
becaufe  it  is  always  the  Vv’hole  weight  that  ads. 
After  this,  it  is  eafy  to  judge  by  what  has  been 
faid  how  it  turns  round. 

While  the  body  makes  its  half  turn,  if  we  fup- 
pofe  the  centre  of  turning  fixed,  as  it  is  naturally 
and  by  itfelf,  the  part  im  merged  in  the  water  will 
be  always  equal,  if  this  body  be  a  fphere  ;  but  if 
it  be  of  any  other  figure,  the  adion  of  turning 
will  caufe  this  part  immerged  to  be  fometimes 
greater  and  fometimes  lefs.  On  the  other  fide, 
the  equilibrium  of  the  body  with  a  certain  deter¬ 
minate  bulk  of  water  requires,  that  its  part  im¬ 
merged  fhould  always  fill  the  place  of  it,  which 
is  always  of  the  fame  fize.  Thus  the  adion  of 
turning  round  appears  contrary  to  what  the  equi¬ 
librium  would,  but  what  fettles  all  is,  that  when  by 
the  turning  round  the  part  immerged  is  too  little, 
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this  equilibrium  makes  the  body  fink  more,  and 
confequently  its  centre  of  turning  defcends  in  a 
vertical  line.  If  the  part  immerged  be  too  great, 
the  body  raifes  itfelf,  and  alfo  its  centre  of  turn- 
ing. 

It  is  manifefl,  that  in  both  thefe  motions,  the 
centre  of  the  whole  figure  rifes  or  falls  in  a  right 
line,  and  at  the  fame  time  turns  circularly,  and 
confequently  defcribes  a  cycloid,  for  it  is  formed 
by  a  direct  and  circular  motion  mixed  in  this 
manner. 

To  thefe  proofs,  which  fhew  plainly  enough 
that  in  all  thefe  cafes  the  bodies  turn,  not  upon 
their  centre  of  figure,  but  on  a  mean  point  be¬ 
tween  this  centre  and  that  of  gravity,  M.  Parent 
adds  another,  as  convincing,  but  falling  into  a 
greater  geometrical  difcufiion.  The  principle  is, 
that  the  common  centre  of  gravity,  both  of  the 
liquid  and  of  the  body  irnmerged,  muft  always 
be  as  low  as  is  pofiible,  after  which  M.  Parent 
demonflrates,  that  it  has  this  fituation  only  in  his 
fyftem. 

He  finds  by  the  fame  ways,  what  fituation 
heterogeneous  bodies  immerged  at  the  fame  time 
in  feveral  liquors  of  different  weights,  muft  take. 
The  principals  do  not  change  at  all,  but  the  ap¬ 
plication  of  them  becomes  more  difficult. 

The  different  figures  which  we  may  imagine 
of  this  body,  throw  alfo  this  problem  into  a  greater 
detail  of  geometry  *,  Archimedes  has  refolved  it 
for  the  right  paraboloid  placed  only  in  a  liquid. 
But  M.  Parent  refolves  it  for  all  the  conoids  fuu- 
ated  in  ever  fo  many  liquors. 
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XII.  A  falfe  report  of  the  perpetual  motion 
being  difcoveredy  and  the  impojjibility  of  H 
demonf  rated. 

There  was  in  this  year  a  report  fpread,  that  the 
perpetual  motion  was  found.  It  was  feen  in  a 
place  where  the  difficulty  of  the  thing  was  not 
well  known,  where  the  invention  was  not  ex¬ 
amined,  as  it  would  have  been  in  an  academy, 
where  an  air  of  fcience  fucceeds  fometimes,  and 
the  air  of  confidence  almoft  always.  M.  Sauveur 
explained  the  invention  to  the  academy,  who 
were  very  much  furprized  at  it.  A  little  while 
after  the  noife  that  this  difcovery  made,  the  per¬ 
petual  motion  difappeared  with  its  author.  On 
this  occafion,  M.  Parent  proved  the  impoffibi- 
lity  of  it  by  this  fingle  reafon,  that  all  the  parts 
of  a  machine  have  a  common  centre  of  gravity, 
that  while  they  turn  round  an  axis  or  fixed  point, 
which  ever  it  be,  this  common  centre  of  gravity 
finds  itfelf  necefiarily  in  one  fituation,  where  it  is 
lower  than  in  any  other,  and  that  prefently  all 
muft  ftop.  For  fince  there  is  a  point  where  the 
force,  which  many  bodies  have  to  defcend,  is 
entirely  reunited,  as  foon  as  this  point  cannot  de¬ 
fcend  any  more,  all  thefe  bodies  muft  remain 
fixed.  M.  Parent  determined  in  general,  that 
there  muft  inevitably  be  this  point  of  reft  for  all 
the  machines  poffible. 
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Philosophical  Memoirs  of  the  Royal 
Academy  of  Sciences  at  Paris  for 
the  year  1700. 

I.  ohfervation  on  the  barometer^  ther- 
mofneteVy  aiid  quantity  of  rain  and  Jhow^ 
watery  that  fell  at  Paris  in  thi  royal  ob^ 
fervatoryy  durmg  the  year  1699.  By  M, 
de  la  Hire 

TH  E  obfervations  on  the  quantity  of  rain 
water  which  fell  in  the  obfervatory,  have 
been  made  in  the  fame  manner  with  thofe  of  the 
preceding  years.  For  this  purpofe,  they  placed 
in  the  open  tower  a  veflel  of  tin,  whofe  furface 
was  4  feet,  and  which  was  furrounded  with  a 
rim  6  inches  high.  This  veffel  is  a  little  bent 
near  one  of  its  angles,  where  there  is  a  little  hole 
with  an  end  of  a  pipe,  which  conveys  all  the  wa¬ 
ter  which  falls  in  the  veffel,  into  an  earthen  pot 
placed  underneath  j  and  as  foon  as  it  has  rained, 
great  care  is  taken  to  meafure  exactly  all  the  wa¬ 
ter  w'hich  is  gathered  in  this  earthen  veflel,  of 
which  a  particular  regifler  is  kept.  This  mea¬ 
fure  is  made  in  a  little  veffel  of  a  cubical  figure, 
whofe  fides  were  three  inches,  fo  that  22  lines 
heighth  of  water  in  this  little  veffel,  are  anfwer- 
able  to  half  a  line’s  heighth  on  the  furface  of  the 
great  tin  veffel  :  wherefore  there  is  drawn  near 
the  brim  of  this  cubical  veffel,  which  has  no 
^  Jan.  16.  1700. 
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cover,  a  line  within  4  lines  diftance  of  the  brim, 
that  in  filling  this  little  vefifel  to  the  height  of  this 
line,  there  may  be  the  value  of  half  a  line’s 
heighth  of  the  water  which  falls.  This  is  the 
ftate  of  what  fell  in  each  month  of  this  year. 


Lines. 

Lines. 

Jan. 

11  f 

July 

1 1 

Feb. 

II  1 

Aug. 

18  T 

Mar. 

II  4 

Sept. 

35 

Apr. 

36  i 

0(R:ob. 

12  t 

May 

22  4 

Nov. 

9  i 

June 

•  29  1 

Dec. 

15  4 

The  fum  of  the  height  of  the  water  which  fell  in 
the  whole  year,  is224  lines,  or  18  inches  8 
Though  this  year  appeared  to  be  extremely  dry, 
we  fee  neverthelefs  that  the  quantity  of  rain-wa¬ 
ter  is  but  little  lefs  than  what  falls  in  the  mean 
years  :  but  it  mufi;  be  obferved,  that  commonly 
the  greatefl:  rains  happen  in  the  months  of  July 
and  Auguft  *,  whereas  this  year  they  happened  in 
the  months  of  Aprils  May^  June^  and  September  *, 
and  that  the  greateft  did  not  exceed  36  lines  in  a 
month,  which  is  but  little  in  comparifen  of  what 
frequently  falls  in  fummer.  But,  in  fiiort,  the 
three  firft  months  and  the  three  laft  of  this  year 
together,  have  only  given  very  near  as  much  as 
the  months  of  April  and  of  September  together. 
We  may  obferve,  that  the  mofl;  plentiful  rains 
this  year  happened  in  one  and  the  fame  day,  and 
were  not  continual,  and  that  very  confiderable 
intervals  of  time  pafied  without  rain. 

As  to  the  barometer,  which  is  placed  at  the 
top  of  the  great  hall  of  the  obfervatory,  and 
near  20  toifes  above  the  river,  the  greatefl  height 
of  the  quickfilver  therein  was  but  28  inches  3 
3  lines, 
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lines,  the  2 1  of  Nov.  and  the  3 1  of  December ;  > 
and  its  loweft  was  but  26  inches  9  lines,  on  the 
14  of  Jan.  and  the  14  of  December  ;  and  con- 
fequently  the  difference  of  the  heights  of  the  quick- 
filver  between  the  greateft  and  lead  height  was  1 8 
lines. 

The  thermometer,  which  I  ufe  to  make  obfer- 
vations  of  heat  and  cold,  is  placed  in  the  E.  tower 
of  the  obfervatory,  which  is  uncovered  in  fuch  a 
manner  as  to  be  fheltered  from  the  wind,  and 
that  the  fun  never  fhines  either  on  the  ball  nor  on 
the  tube.  All  the  obfervations  which  I  daily 
make  are  a  little  before  fun-rifing,  which  is  the 
time  wherein  the  air  is  commonly  the  mod  cool. 

I  have  made  obfervations  on  this  thermometer  to 
determine  its  mean  height,  and  after  having  left 
it  fome  days  in  the  bottom  of  the  cave  of  the  ob¬ 
fervatory,  I  found  that  the  fpirit  of  wine  therein 
remained  at  the  height  of  38  parts,  which  I  take 
for  a  mean  height;  fo  that  when  it  is  of  this 
height  in  a  place  where  it  is  expofed,  I  judge 
that  the  temper  of  the  air  is  between  cold  and 
hot.  I  have  found  that  during  this  year  from 
thefird  (\2.yo\  Jan.  to  the  5th  of  June^  there  has 
but  little  variation  happened  in  the  height  of  the 
liquor,  and  that  thefe  two  days  it  was  the  fame 
from  42  to  43  parts,  and  that  it  froze  very  little, 
and  that  only  in  the  beginning  of  Feb,  the  ther¬ 
mometer  not  failing  lower  than  29  parts  which 
is  commonly  the  time  when  it  is  mod  cold,  as 
the  greated  heat  happens  at  the  beginning  of 
July.  But  the  1 1  of  Dec.  the  thermometer  fell 
to  25  parts  I,  which  was  the  colded  of  the  year ; 
and  the  2  5th  of  which  was  the  hotted,  the 
thermometer  rofe  to  63  parts  |  :  by  which  we 
fee  that  the  heat  of  the  fummer,  compared  to  the 
mean  date  of  the  air,  was  near  double  the  cold 

compared 
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compared  even  v/ith  this  mean  ftate,  though  the 
obfervation  of  the  heat  of  the  air  was  made  only- 
before  the  fun-rifing. 

I  alfo  obferved  the  23d  day  of  O5lober  the 
declination  of  the  needle  to  be  8  10'  in  the  fame 

place,  and  with  the  fame  needle  with  which  I 
ufed  to  obferve.  This  needle  is  8  inches  long, 
and  is  one  of  the  bed  which  was  ever  made ; 
but  though  it  was  very  lightly  hung,  I  do  not 
,find  in  the  obfervations  of  the  fubfequent  years, 
the  fame  progreflion  of  declination ;  whether  it 
be  that  the  declination  does  not  keep  an  equal 
motion,  or  that  there  may  be  any  other  caufe  of 
irregularity,  which  may  alfo  proceed  from  the  ob¬ 
fervation,  though  1  ufe  all  the  precautions  I  am  ca¬ 
pable  of:  but  it  is  always  difficult  to  obferve  the 
minutes  on  an  inftrument,  whofe  degree  is  but 
one  line  at  the  mod ;  it  will  be  much  more  diffi¬ 
cult  to  obferve  them,  when  the  degree  has  but 
half  a  line,  fuch  as  are  the  common  compaffes  of 
three  or  four  inches  diameter.  All  that  can  be 
done  in  this  cafe,  is  to  take  a  long  feries  of  obfer¬ 
vations,  as  of  ten  or  twelve  years,  made  with 
the  fame  needle,  and  in  the  fame  place,  and  di¬ 
vide  the  difference  by  the  number  of  years,  and 
then  they  mud  be  alfo  certain,  that  the  declination 
does  not  either  diminifh  or  increafe.  Example. 
At  the  end  of  the  year  1686,  I  found  that  the 
declination  of  the  needle  was  4'^.  30'  towards  the 
W,  and  that  at  the  end  of  lad  year  1 699,  it 
was  8^.  10'. - and  confequently  the  diffe¬ 

rence  was  3°.  40".  or  220'.  for  13  years,  which 
gives  for  each  year  1 7'.  motion  from  N  to  W. 


IL 
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II.  A  new  manner  of  rendering  barometers 
luminous^  by  M,  Bernoully,  profeffbr  at 
Groninguen,  extracted  from  one  of  his 
letters  written  from  Groninguen,  yune 
19,  1707. 

After  having  read  in  a  little  book,  entitled,  A 
ireatife  of  barometers  and  notiometers^  or  hygro¬ 
meters^  the  extraordinary  which  hap¬ 

pened  in  1675,  to  the  barometer  of  the  late 
M.  Picardy  which  was  that  interrupted  light 
which  he  perceived  by  chance  in  the  motion  of 
the  quickfilver,  by  carrying  the  barometer  from 
one  place  to  another,  when  it  was  t^ery  dark,  I 
judged  it  worthy  to  make  fome  reflecftions  upon 
it ;  and  the  more,  becaufe  the  author  of  this 
treatife,  invites  the  curious  to  perfedl  this  difco- 
very  ;  and  fays,  that  in  thofe  experiments  which 
have  been  already  made  of  it,  on  many  other 
barometers,  to  fee  if  the  fame  thing  would  happen, 
there  was  but  one  found  which  came  near  that  of 
M.  Picard:  probably  it  might  be  that  of  M. 
Caffini^  in  which  M.  du  Hamel  fays  there  had 
been  obferved  the  fame  effe61:,  tho’  lefs  vifible  than 
in  the  other.  I  have  therefore  applyed  my  felf 
to  it ;  and  after  having  made  fome  obfervations 
on  this  fubjedf,  accompanied  with  necelfary  ex¬ 
periments,  the  fuccefs  of  v;hich  anfwered  to  my 
defires,  and  conformable  to  the  reafoning  which 
I  had  made  d  priori^  I  feem  to  have  difcovered 
the  true  caufe  of  this  pheenomenon^  and  a  way  of 
making  a  very  lively  light  appear  in  all  barome¬ 
ters  without  diftindion,  at  alh  times  and  in  all 
places:  fb  that  here  is  a  new  kind  of  perpe¬ 
tual  Phofphorus^  which  does  not  confume  like 
thofe  made  by  the  chymifts. 
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Before  I  explain  my  reafoning  to  you,  I  will 
tell  you  that  the  fame  evening  on  which  I  read 
this  ph(snomenon  in  this  little  treatife,  I  would 
make  a  tryal  of  it  on  my  barometer,  which  had 
been  tried  about  a  month :  I  carried  it  then  into  the 
dark,  I  balanced  it  lightly  at  firft,  but  without 
any  fuccefs,  not  oblerving  in  it  the  leafb  light : 
but  at  laft  having  balanced  it  violently  (which  I 
can  do  without  danger  of  breaking  the  tube  or 
fpilling  the  quickfilver,  the  tube  being  fet  in  a 
piece  of  wood,  as  in  a  frame,  and  the  quick¬ 
filver  at  the  bottom  fliut  up  in  a  wooden  box 
fixed  to  the  board,  and  clofe  every  where,  fo  that 
it  is  only  through  the  pores  of  the  wood,  that  the 
air  enters  to  prefs  upon  the  quickfilver)  I  obfer- 
ved  that  when  the  quickfilver  frifing  and  falling 
with  great  quicknefs  through  a  long  part  of  the 
tube)  was  quite  at  the  bottom,  it  caft  a  very 
weak  light,  which  vanifhed  as  foon  as  the  quick 
filver  began  to  re-afcend.This  made  me  think,  that 
thofe  conje6tures  which  the  author  of  the  treatife 
alledges,  to  give  the  reafon  why  this  light  had 
not  yet  appeared  in  any  but  in  one  barometer 
only,  which  was,  that  as  to  the  others,  they  had 
not  perhaps  been  long  enough  tried^  could  have 
no  weight,  fince  my  barometer  had  been  tried 
but  four  weeks  or  thereabouts. 

After  this  experiment,  I  would  try,  whether 
the  other  conjedures  of  the  author  were  to  be 
admitted :  he  fays,  that  the  other  barometers 
had  not  the  fame  effect,  whether  it  was  that 
they  were  not  fufficiently  cleared  of  the  air^  or 
that  the  quickflver  was  not  pure  enough.  To 
be  certain  of  this,  after  having  carefully  cleanfed 
the  quickfilver,  by  forcing  it  to  pafs  through  the 
pores  of  a  bit  of  leather,  I  put  it  again  into  the 
receiver,  from  which  I  drew  out  the  air,  and  left 
VoL.  I.  N^.  6.  D  d  k 
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It  therein  24  hours,  to  give  it  time  to  let  the  par¬ 
ticles  of  air  which  weie  mixed  with  the  quick- 
filver  evaporate. '  After  having  thus  purified  it,  I 
filled  a  tube  with  it  in  the  common  manner,  with 
all  the  precaution  poffible  to  hinder  any  fmall 
bubbles  of  air  from  remaining;  but  the  baro¬ 
meter  thus  mounted  had  not  any  better  elfe<5f,  for 
let  me  balance  the  quickfilver  never  lb  violently, 
hardly  could  I  draw  that  weak  glimmering  which 
fhewed  it  felf,  and  vanillied  away  almoft  in  the 
fame  inftant. 

I  left  the  barometer  in  this  Hate  for  common 
life,  having  thought  it  a  pity  to  take  it  to  pieces, 
after  having  taken  fo  much  trouble  and  care  in 
putting  it  together  fo  exactly,  that  I  am  certain, 
neither  in  the  empty  part  of  the  tube,  nor  among 
the  quickfilver,  there  was  not  the  leaft  particle  of 
grofs  air. 

I  then  concluded  from  this  fecond  experiment, 
that  the  other  conjedlures  of  the  author  of  the 
treatife,  were  no  more  valid  than  this;  or  at 
lead,  that  neither  the  purifying  of  the  quick¬ 
filver,  nor  the  perfed:  vacuum  of  the  upper  part 
of  the  tube,  were  the  principal  caufe  of  the  ap¬ 
pearance  of  this  light. 

I  therefore  fought  for  the  true  caufe  of  it,  and 
thus  I  reafoned.  As  the  light  does  not  appear 
every  time  that  it  is  balanced,  but  when  the  va^ 
cuum  is  made,  that  is,  only  in  the  defeent  of  the 
quickfilver,  I  comprehended  that  when  the  quick¬ 
filver  defeends  there  mud  go  out  of  it,  and  reaf- 
cend  at  the  fame  indant,  a  very  thin  and  fubtile 
matter  to  occupy,  and  fill  part  of  that  fpahe  of  the 
tabe,  which  the  quickfilver  leaves :  I  fay  a  part, 
becaufe  we  may  well  believe,  that  the  pores  of  the 
glafs  being  without  doubt  larger  than  tliofe  of  the 
quickfilver  (as  it  appears  by  the  lightnefs  of  the 

one. 
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dne^  and  the  great  heavinefs  of  the  other)  there 
enters  at  the  fame  time  thro’  the  pores  of  the 
^tube,  another  matter  much  more  fubtile  than  the 
grols  air,  but  much  lefs  fo  than  that  which  goes 
out  of  the  quickfilver :  and  thefe  two  matters 
mixing  together  immediately,  fill  the  fpace  which 
the  quickfilver  by  its  defeent  leaves  to  them  ;  it 
is  of  no  confequence  what  names  you  give  to 
thefe  two  matters:  you  may  if  you  pleafe,  call 
with  M.  Defcartes^  that  which  penetrates  through, 
the  pores  of  the  tube,  the  matter  of  the  fecond 
element,  or  celeftial  globules ;  and  that  which 
is  fo  fine,  that  it  efcapes  from  the  quickfilver,^ 
the  matter  of  the  firft  element.  In  effcdl,  M. 
JDefcartes  has  well  enough  fliewn  in  his  principles 
of  philofophy,  part  the  4th  art.  58.  that  the 
particles  of  quickfilver  leave  among  them  fuch 
acute  angles,  that  they  cannot  be  filled  except  by 
the  fineft  matter,  that  is,  by  that  of  the  firft 
dement. 

Now  you  know  how  M.  Defcartes  explains 
the  p.rodudion  of  light,  making  it  confift  in  the 
moft  rapid  motion  of  the  matter  of  the  firft  ele¬ 
ment,  affembled  only  in  fome  fpace,  and  in  the 
Effort  which  it  makes  on  the  celeftial  globules.  I 
6y,  therefore,  that  while  the  particles  of  the  firft 
element  are  difperfed  in  thefe  little  interftices,  and 
in  a  manner  opprefs’d  by  the  terreftrial  parts  of 
the  quickfilver,  they  cannot  acquire  this  rapid 
motion,  or  a6t  or  make  joint  efforts  to^  produce 
the  light,  but  as  foon  as  by  the  defeent  of  the 
quickfilver,  thefe  go  plentifully  out  of  it,  they 
unite  together  j  and  being  thus  at  once  difengaged 
from  all  other  matter,  they  take  that  rapid 
eourfe,  which  is  common  to  them  when  they  are 
free ;  and  by  the  effort  which  they  make  on  the 
©ekftial  globules  which  meet  them,  they  produco 
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this  light ;  from  thence  the  reafon  is  feen  why 
this  light  is  only  obferved  in  the  defcent  of  the 
quickfilver  ;  for  when  it  reafcends,  the  matter  of 
the  firfl:  element  is  fo  far  from  going  out,  that 
there  rather  enters  again,  a  part  of  that  which 
went  out  at  its  preceding  fall ;  and  the  reft  is 
driven  away  with  the  celeftial  globules,  out  of 
the  tube,  through  the  pores  of  the  glafs.  This  is 
alfo  the  reafon  why  this  light  always  accompa¬ 
nies  the  top  of  the  defcending  quickfilver,  and  is 
in  a  manner  fixed  to  its  upper  furface  *,  why  the 
light  produced  in  a  defcent  is  not  lafting  •,  and 
why  on  the  finifhing  of  each  defcent,  this  light 
is  at  an  end,  and  immediately  vaniflies  alfo. 
This  proceeds  from  the  particles  of  the  firft 
element,  which  were  united  at  the  going  out 
of  the  quickfilver,  and  having  made  a  very  lit¬ 
tle  way  in  getting  diftant  from  the  furfiice  of  the 
quickfilver,  being  immediately  fcatter’d  and  dif- 
perfed  by  the  crowd  of  celeftial  globules,  which 
with  their  impetuofity  bear  them  down,  and  thus 
take  from  them  the  force  of  producing  this  efFe(5t 
of  light :  fo  that  it  cannot  laft  but  in  proportion, 
as  there  comes  out  of  the  quickfilver  a  continual 
and  new  matter  of  the  firft  element,  to  fucceed 
that  which  is  alfo  continually  wafting,  not  much 
unlike  the  fame  manner  in  which  a  flame  of  a 
candle  waftes,  and  renews  each  moment.  It  is 
therefore  manifeft,  that  the  light  in  queftion  can¬ 
not  at  the  moft  laft  any  longer  than  each  defcent 
of  the  quickfilver  lafls. 

I  muft  now  fhew  the  principal’,  which 
why  this  light  does  not  fliew  it  felf  in  all  barome¬ 
ters,  and  why  it  has  not  been  obferved  till  now 
except  in  two  or  three  :  as  alfo,  the  way  of  reme¬ 
dying  this,  and  making  it  infallibly  appear  in 
all  barometers  at  all  times,  and  with  a  furprizing. 

vivacity. 
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vivacity,  provided  they  do  It  in  a  very  dark  place, 
both  thefe  will  ftrengthen  and  confirm  perfed:]y 
well  the  reafons  which  I  have  made  ufe  of  in 
the  explanation  which  1  have  jufi:  made  ol  the 
caufe  of  this  phcenomenon, 

I  have  obferved,  that  if  we  expofe  quickfilver 
in  any  vefiel  to  the  open  air,  we  fhall  find  at 
the  end  of  fome  time  the  furface,  where  ihe  air 
touches  it,  quite  dillurbed  and  covered  with  a 
very  thin  pellicle,  which  being  taken  away  with 
a  clean  feather,  the  primitive  brightnefs  rerui'ns 
on  the  furface,  and  it  will  be  again  polifhed  like 
a  looking-glafs ;  but  if  we  leave  the  quickfilver 
expofed  to  the  air,  another  pellicle  immediately 
like  a  cobweb,  v;hich  thickens  by  time,  will  fpread 
over  it.  And  if  this  is  well  examined  with  the 
microfeope,  we  fhall  fee  that  it  very  much  refem.- 
bles  leaf  filver:  and  indeed,  it  is  nothing  but  a 
very  fine  texture  of  a  kind  of  mofs  or  mofify 
hair,  which  is  formed  of  little  filaments,  which 
having  been  feparated  from  the  quickfilver,  by 
the  continual  agitation  of  the  air,  and  yet  being 
not  able  to  follow  its  motion,  fall  again  with 
other  impurities  which  it  finds  in  the  air,  on  the 
furface  of  the  quickfilver  ;  and  intermingling  by 
degrees,  compofe  this  pellicle.  We  obferve  the 
fame  thing  in  all  kinds  of  liquors,  which,  if  wqj 
let  them  (land,  fo  that  the  air  may  dry  the  top  of 
them,  will  at  laft  be  covered  with  a  Ikin  more, 
or  lefs  thick,  according  to  the  confiitntion  of  the. 
corpufcles,  which  exhale  from,  and  atterwards. 
fall  back  on  the  liquors.  All  this  being  well 
confidered,  I  fay,  that  it  is  this  pellicle  which  hin¬ 
ders  the  appearing  of  the  light  in  thofe  barome¬ 
ters,  which  have  been  filled  in  the  common  man¬ 
ner.  In  this  manner  I  conceive  the  thing.  When 
they  make  the  barometer,  they  take  a  tube  her- 
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fealed  at  one  end,  and  into  the  other  they  poiif 
quickfilver,  which  falls  drop  by  drop  along  the 
tube,  fo  that  each  drop  by  penetrating  and  di¬ 
viding  the  air  from  the  top  to  the  bottom, 
wipes  it,  if  I  may  fo  fay,  and  draws  away  with 
it  all  the  impurities ;  which  is  the  caufe  that  in 
this  moment  employed  in  running  along  the 
tube,  the  quickfilver  is  more  loaded  with  this 
mofs,  than  it  would  be  in  two  or  three  days,  if 
limply  expofed  to  the  air.  What  I  have  here 
faid  is  fo  true,  that  if  you  let  only  one  drop  of 
quickfilver,  cleanfed  and  purifyed  as  much  as 
pofTible,  fall  from  the  height  of  one  foot  only 
into  a  vefiTel,  wherein  there  is  more  of  it,  whiclr 
has  alfo  been  fo  well  purified  that  the  furfacc 
thereof  is  fmooth,  and  polilhed  like  a  looking- 
glais  ;  you  fhall  fee  that  the  drop  falling  on  this 
polifhed  furfaee,  will  obfcure  the  luflre  of  it 
in  that  part  where  it  fhall  enter  into  the  mafs  of 
the  quickfilver,  and  leave  there  a  vifible  fpot,  which 
is  a  certain  mark  that  the  drop,  clean  as  it  was^ 
had  been  infected  by  the  impurity  of  the  air. 
It  is  thus  that  the  drops  of  quickfilver  poured 
into  the  tube,  while  they  are  running  are  covered 
with  this  pellicle  ;  but  by  the  fall  of  the  dropt 
one  upon  another,  and  by  the  prefiure  of  the 
quickfilver,  thefe  particular  pellicles  eafily  break 
to  permit  a  continuity  in  the  quickfilver  ;  and 
thefe  impurities  not  being  able  to  agree  with  the 
motions,  nor  with  the  figure  of  the  particles  of 
the  quickfilver,  are  obliged,  as  excrements,  to 
retire  out  of  the  inner  fubftance  of  the  quick- 
filver,  and  place  themfelves  on  every  fide  between 
the  concave  furface  of  the  tube  and  the  convex  of 
the  quickfilver.  Thus  then  is  the  whole  mer¬ 
curial  column  involved  in  this  very  thin  fkin  aa- 
with  a  cuticle.  Surely,,  there  is  great  appearance 
2  that 
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that  the  thing  is,  as  I  have  ftid  ;  for  the  tube  be¬ 
ing  filled  in  this  manner^  if  it  is  inverted  to  make 
the  barometer  by  flopping  the  aperture  with  the 
end  of  the  finger,  till  it  is  immerged  in  the 
quickfilver  contained  in  the  vefTel  ;  it  will  be 
obferved  by  taking  away  the  finger,  that  the 
quickfilver  defcending  in  the  tube,  will  leave  be¬ 
hind  fome  remains  of  this  cuticle  adhering  to  the 
fides  of  the  glafs  on  the  empty  parts  of  the  tube, 
like  the  feum  of  melted  lead. 

It  is  not  therefore  difficult  to  conceive,  that  the 
barometer  being  made,  the  horizontal  and  upper 
furface  of  the  mercurial  cylinder  may  be  covered 
with  a  thicker  pellicle  than  any  other  part  of  the 
furface  of  this  cylinder,  becaufe  it  thickens  partly 
by  thofe  remainders  which  may  continue  ad¬ 
hered  to  the  empty  part  of  the  tube,  and  which 
are  at  the  laft  Ipofened,  and  fall  again  on  the  top 
of  the  mercurial  column  ;  and  partly  by  thofe 
which  are  below  and  are  thruft  up  by  the  weight 
of  the  quickfilver. 

Therefore,  for  a  lafl  conclufion,  it  is  fufficient 
for  me  to  fay,  that  this  pellicle  which  occupies 
the  upper  part  of  the  quickfilver,  as  thin  as  it  ap¬ 
pears  to  our  eyes,  covers  fo  well  the  pores  of  the 
furface  of  the  quickfilver,  that  it  ffiurs  up  either 
wholly,  or  in  a  great  part,  the  paffage  to  the 
matter  of  the  firfl:  element,  which  by  its  violent 
motion  alone  can  produce  light  *,  whence  it  fol¬ 
lows,  that  in  barometers  which  are  filled  in  the 
common  manner  there  will  appear  none,  or  very 
little,  and  that  vdth  great  balancings,  as  in  mine, 
which  I  have  fpoken  of  above,  it  mufl  not  be 
thought  flrange,  that  fo  fmall  and  delicate  a  pel¬ 
licle  can  hinder  the  particles  of  the  firfl  cie- 
ment  from  going  out  of  the  pores  of  the  quick- 
filver,  or  at  leaft  from  going  out  in  fiich  abun- 
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dance,  and  with  fo  much  vehemence ;  (ince  wc 
fee  daily  that  -he  quickfilver  itfelf  palTes  eafily 
through  the  pores  of  the  fkin  of  almoft  all  ani¬ 
mals  ;  but  that  the  pafiage  fliould  be  entirely 
clofcd,  if  they  do  not  feparate  that  tender  web, 
which  the  phyficians  call  Epidermis^  or  Cuticula. 
What  contradiefion  is  there  then,  that  fuch  a 
thing  may  not.'  happen  in  the  fubjedl  we  are 
iipoii  ? 

Th  as  have  I  reafoned  on  the  caufe  of  fo  ftrange 
an  etied:.  But  as  we  are  very  apt  to  be  deceived 
in  reafoning  on  phyfical  fubjecls,  unlefs  they  are 
confirmed  by  experiments,  1  have  contrived  two 
ways  of  hindering  rhe  mercurial  column  from  being 
covded  with  this  cuticle,  both  which  have  fuc- 
ceeded  very  well. 

I .  I  took  a  glafs  tube  3  feet  long,  open  at 
both  ends,  which  I  took  care  to  fcour  and  cleanfe 
well  on  the  infide,  that  I  might  leave  therein 
neither  filth  nor  moiflure,  having  plung’d  one 
end  thereof  a  little  way  in  quickfilver,  contained 
in  a  large  vefTc)  the  moft  obliquely  that  the  rim  of 
the  veffel  would  permit  *,  fo  that  the  angle  which 
the  tube  made  with  the  horizon,  contained  about 
18  or  20  degrees;  which  having  done,  lap- 
plied  my  mouth  to  the  other  end  of  the  tube, 
and  began  to  fuck  ;  in  this  manner,  I  eafily  made 
the  quickfilver  afeend  to  the  top,  and  having  even 
drawn  fome  drops  of  it  into  my  mouth,  I  made  a 
fign  to  one  of  my  fcholars,  whom  I  had  inflrudfed 
for  this  purpofe,  to  ffop  quickly  with  his  finger 
the  lower  end  which  was  dipped  in  the  quick- 
filver.  I  muft  tell  you  here  by  the  way,  that  I 
finiflied  raifing  the  quickfilver  by  what  I  fucked 
with  one  breath  alone,  left  had  I  fetched  my  breath 
and  fucked  again,  there  might  ^ave  entered  into 
the  tube  a  little  breath  or  fpittle.  The  tube  be- 
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ing  then  filled  in  this  manner,  while  my  fcholar 
held  the  lower  end  flopped  with  his  finger,  I  after¬ 
wards  clofed  the  upper  end  with  the  cement,  which 
I  make  ufe  of  to  confolidate  broken  cups  or  glafies. 
After  having  clofed  it  well,  I  bid  this  fcholar 
take  away  his  finger  from  the  end  which  was  yet 
.dipped  in  the  quickfilver  ;  I  then  raifed  the  tube 
perpendicular,  and  the  quickfilver  defcended  to 
its  equilibrium  as  ufual  5  but  I  had  the  pleafure  to 
fee  that  it  left  no  fcum  adhering  to  the  empty 
part  of  the  tube,  as  in  tubes  which  are  filled  in 
the  common  manner  :  which  I  immediately  took 
for  a  good  fign.  Indeed  I  forefaw  that  this  would 
be  the  confequence  ;  for  in  the  manner  with 
which  the  tube  had  been  filled,  it  is  well  feen 
that  the  air  could  not  touch  the  quickfilver  in 
afcending  in  the  tube,  except  at  the  firft  drop 
which  was  a  kind  of  fhield,  by  the  help  of  v/hich 
all  the  remainder  of  the  mercurial  column  could 
afcend  without  fuffering  the  lead  approach  of  air  ; 
but  this  one  drop,  befides  that  it  could  not  be 
much  infedled,  having  not  divided  and  penetrated 
the  air  with  violence,  like  a  drop  which  falls, 
did  not  remain  in  the  tube  :  for,  as  I  have  faid,  I 
drew  fome  of  the  firft  drops  of  the  quickfilver 
into  my  mouth. 

Thus  was  1  fure  of  having  a  barometer  whole 
mercurial  column  was  entirely  divefted  of  this  cu¬ 
ticle  fo  fatal  to  others.  Mean  while  to  make  the 
experiment  more  conveniently  without  running 
the  hazard  of  fpilling  the  quickfilver  by  the  re¬ 
moving  or  balancing  of  it,  1  took  the  tube  out  of 
the  large  vefiel,  keeping  the  lower  end  of  it  clofed 
with  my  finger,  and  put  it  into  a  narrower  and 
deeper  vefiel,  which  was  half  filled  with  quick- 
filver*,  all  being  finifiied,  I  impatiently  waited  for 
night,  which  being  come,  I  took  my  barometer 
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thus  prepared,  the  tube  in  my  left  hand,  and  the 
veflel  in  which  the  lower  end  of  it  was  dipped  in 
my  right  hand  *,  as  foon  as  I  was  in  the  dark,  I 
already  perceived,  without  having  yet  balanced 
the  barometer,  very  vivid  lights,  which  were 
caufed  by  a  little  lhaking,  imprelled  on  the  mer¬ 
curial  column  by  the  motion  of  removing  it  : 
but  when  I  began,  tho’  very  gently,  to'  balance 
the  barometer,  that  I  might  give  to  the  quick- 
filvera  more  confiderable  reciprocation  than  it  had 
by  the  foie  motion  of  removing  it,  there  appeared 
at  each  defcent  fuch  an  exquifite  light,  that  it  il¬ 
luminated  the  neared  objeds,  in  fuch  a  manner 
that  I  could  well  enough  difcern,  by  the  help  of 
this  light,  letters  of  a  moderate  fize  at  a  foot  dif- 
tance.  I  own  to  you,that  I  was  very  much  contented 
to  fee  the  event  anfwered  fo  well  to  my  expeda- 
tion,  and  fo  much  the  more  as  it  was  an  experi¬ 
ment  not  made  by  chance,  but  a  deliberate  act 
founded  on  the  principles  of  my  own  rcafoning. 
I  mud  alfo  fay,  that  this  light  appeared  fo  eafily, 
that  the  mod  infenfible  balancir.gs,  v/hich  hardly 
made  the  quickfilver  rife  and  fall  the  thicknefs  of 
a  knife,  produced  neverthelefs  the  mod  vivid 
lights.  The  following  days  I  repeated  this  ex¬ 
periment  with  3  or  4  other  tubes,  which  1  filled 
in  the  fame  manner  ;  but  all  performed  their  ef- 
fed  equally  with  much  vivacity,  and  never  failed; 
which  makes  me  boldly  advance,  that  all  baro¬ 
meters  thus  prepared  as  I  have  faid,  will  fliew 
at  all  times  the  phcenomenon^  which  happened  in 
that  of  M.  Picardy  and  perhaps  much  more  vi- 
goroufiy. 

The  fecond  w'ay  which  I  contrived  to  fill  the 
tube  with  quickfilver,  without  the  mercurial  co¬ 
lumn  being  covered  with  the  abovefaid  pellicle, 
was  this  in  few  words.  1  took  a  very  clean  tube, 

1  open 
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open  at  one  end  only,  which  I  plunged  into  quick- 
filver  contained  in  a  veiTel,  which  I  ere6i:ed  per¬ 
pendicularly  ;  fo  that  there  was  yet  nothing  but  air 
in  the  tube.  To  draw  the  air  out  of  the  tube,  I 
covered  the^tube  and  the  veflel  in  which  the  open 
end  of  the  tube  was  dipped,  with  a  glafs  receiver 
made  in  the  form  of  a  bell,  the  top  of  which 
was  extended  into  a  long  rail  hollow  on  the  infide, 
to  contain  the  tube,  as  the  fheath  contains  the 
blade  of  the  fv/ord  :  fthis  receiver  is  made  pur- 
pofely  to  rsiake  thefe  forts  of  experiments  with  the 
barometer.)  I  then  applied  the  receiver  with  the 
tabe,and  the  veffel  within  it  on  the  copper  plate  of 
the  air-pump  ;  by  means  of  which  I  drew  the  air 
out  of  the  receiver,  and  thus  at  the  lame  time  out 
of  the  tube,  which  not  being  able  to  go  out  by 
the  upper  end  which  was  flopped,  went  out  with 
a  little  bubbling  thro*  the  end  which  Was  dipped 
in  the  quickfilver.  After  having  drawn  the  air 
from  the  receiver  and  from  the  tube,  the  moft 
exactly  I  could  polTibly,  I  let  it  a^ain  enter  into 
the  receiver  *,  but  being  not  able  toitmake  it  again 
enter  into  the  tube,  becaufe  of  the  qnickfilver  in 
the  veffel  which  hindered  it,  by  its  preffure  it 
thrud  the  quickfilver  into  the  tube  to  the  height 
of  24  or  25  inches ;  fo  that  it  wanted  but  little 
of  afcenclinff  to  the  common  height  of  the  baro- 

o  ^  _ 

meter ;  wldch  flievved  that  the  air  had  been  with 
care  enough  drawn  out  of  the  receiver.  The 
quickfilver  being  thus  raifed,  I  judged  that  it 
mud  be  quire  dripped  of  its  cuticle,  fince  the  very 
top  of  the  mercurial  column  could  not  touch  the 
air,  except  by  that  little  which  remained  in  the 
tube,  bur  which  by  reafon  of  its  extreme  rarefac* 
"tison,  could  nor  alter  the  top  of  the  quickfilver, 
and  much  lefs  the  remainder  of  the  mercurial  co 
lumn,  the  lead  parx  of  v^hich  had  not  been  ex- 
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pofed  to  the  air  in  afcending.  In  etFedt,  when  I 
made  the  experiment  the  night  following,  the 
light  appeared  in  this  tube  with  the  fame  ftrength, 
and  in  like  manner  as  in  the  other  which  had 
been  prepared  in  the  preceding  method.  By 
which  may  be  alfo  feen,  that  rlie  air  which  re¬ 
mained  in  the  empty  part  of  the  tube  could  not  at 
all  hinder  the  light  from  appc..ring ;  and  thus, 
if  it  does  not^appear  in  the  barometers  filled  jn  the 
common  manner,  it  is  not  becaufe  they  are  not 
cleanfed  from  the  air,  but  only  becaufe  the  quick- 
filver  contained  in  the  tube  is  fo  wrapped  up  in 
this  pellicle,  as  to  ftop  the  palTage  of  the  matter 
of  the  firft  element. 

Mean  while  I  have  found  by  experience,  that 
there  is  nothing  fo  prejudicial  to  the  appearing 
of  this  light,  as  humidity  *,  for  after  having  con¬ 
tinued  fome  weeks  to  balance  every  evening  one 
of  thefe  barometers  prepared  according  to  the  firft 
method,  to  fee  if  there  was  any  difference,  either 
in  the  vivacity,  or  in  other  circum fiances ;  and 
beins  not  able  to  obferve  the  leaft  difference  to 
my  great  fatisflidlion,  1  contrived  to  pour  a  little 
water  into  the  veffel  below,  to  cover  therewith 
the  furface  of  the  quickfilver  contained  therein, 
and  then  I  lifted  up  the  tube  gently,  till  the 
lower  end  coming  out  of  the  quickfilver  in  the 
veffel  reached  the  water ;  bur  as  foon  as  a  few 
drops  of  water  were  entered  into  the  cube,  I 
dipped  it  again  into  the  quickfilver,  and  thefe 
drops  afcending  to  the  top,  covered  the  liimmit 
of  the  mercurial  column.  1  was  then  curious  to  fee 
if  this  little  water  would  not  hinder  the  appearance 
of  the  light  :  and  indeed  it  hindered  it  fo  much, 
that  with  the  moft  violent  balancings,  there  was 
no  way  to  produce  the  leaft  trace  of  light.  I 
after  that  tried  the  fime  thing  with  redlihed  fpirit 
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of  wine,  thinking  that  being  of  itfelf  inflammable, 
it  would  perhaps  rather  help  to  produce  our  light 
then  to  deftroy  it :  but  in  vain  ;  for  a  few  drops 
of  fpirit  of  wine  had  no  fooner  occupied  the  fum- 
mit  of  the  mercurial  column,  but  the  light  which 
had  before  appeared  with  all  poflible  vivacity  at 
the  leaft:  (haking  of  the  tube,  ceafed  to  "appear 
even  with  the  greateft  balancing :  from  whence 
I  conclude,  that  all  moifture  and  heterogeneous 
matter  may  either  flop  the  pores  of  the  qulck- 
filver,  and  hinder  the  violent  motion  of  the  mat¬ 
ter  of  the  firfl:  element,  as  the  pellicle  does ;  or 
at  leafl:  partly  flop  the  great  rapidity  with  which 
the  firfl  element  ought  to  be  moved  in  order  to 
excite  the  light :  for  it  is  vifible,  that  a  foreign 
matter  occupying  already  a  little  fpace,  diredlly 
above  the  mercurial  column,  where  the  matter  of 
the  firfl  element  is  to  affemble,  it  is,  I  fay,  vi¬ 
fible,  that  it  cannot  move  in  conjundlion,  nor 
confequently  with  the  rapidity  which  is  common 
to  it  when  it  is  alone,  without  pafling  through 
the  pores  of  a  groffer  matter. 

III.  Re ?n arks  o?i  the  conJlriiBmt  of  pendulum 
clocks^  by  M.  dc  la  Hire*. 

Altho’  it  does  not  feem  poflible  to  add  any 
thing  to  the  conftriidlion  of  the  great  pendulum 
clocks  as  they  are  at  prefent,  to  make  them  more 
perfedl  and  jufl  in  the  meafure  of  time  ;  yet  we 
may  make  fome  remarks,  which  may  ferve  to 
corredl  fome  inequalities  that  are  found  in  them. 

Firfl,  it  feenif)  that  the  rod  of  the  pendulum 
might  be  fafpended  to  a  little  fine  fpring  inflead 
of  filk,  to  avoid  the  inconveniencies  which  hap¬ 
pen  to  the  filk,  as  of  its  lengthening  by  the 

^  May  22,  1700. 
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heavinefs  of  the  weight,  which  is  hung  to  it,  and 
chiefly  when  the  weather  is  dry  ;  and  on  the  con¬ 
trary,  of  its  Ihortening  when  the  weather  is  moifl:, 
as  it  is  with  all  threads  and  firings  compofed  of 
many  threads  twifted  together  :  for  the  fhortening 
or  lengthening  of  the  filk,  fhortening- or  ftretching 
out  the  length  of  the  pendulum,  will  make  the 
clock  go  fafter  or  flower.  We  might  alfo  add, 
that  at  each  vibration,  the  filk  makes  a  little  twifl 
at  the  place  where  it  is  tied  to  the  rod  of  the  pen¬ 
dulum,  by  the  effort  which  the  foiirchette  makes 
to  entertain  the  motion  of  the  pendulum.  But 
the  experiment  which  1  have  made  for  lome  years, 
of  a  fpring  applied  to  the  rod  of  the  pendulum 
inflead  of  filk,  has  convinced  me,  that  there  are 
more  confiderable  irregularities  with  that  than 
with  the  filk,  which  I  can  attribute  only  to  the 
different  alterations  of  the  fpring  by  cold  and 
heat,  wfiich  making  elaftic  bodies  more  or  lefs 
ftitf,  caufe  in  them  very  confiderable  alterations  ; 
for  the  ftiffer  a  fpring  is,  the  more  frequent  vi¬ 
brations  it  makes  ;  on  the  contrary,  when  it  is 
limber,  it  makes  them  flov/er.  I  was  then  obliged 
to  take  from  a  great  pendulum  of  feconds,  the 
fpring  v/hich  fupports  the  rod  of  the  pendulum,  to 
put  a  filk  to  it,  and  I  did  not  afterwards  find  all 
the  irregularities  which  I  harl  obferyed  before, 
which  convinced  me  entirely,  that  thefc  inequalities 
werecaufed  only  by  the  fpring. 

Secondly,  I  confidered,  that  if  in  the  pendulum 
of  half  feconds,  when  the  irregularities  were  i^oc 
fenfible,  the  little  fpring  A  was  fixed  very  fail 
to  the  rod  of  the  pendulum,  thefe  forts  of  clocks 
might  be  rendered  more  portable  than  they  com¬ 
monly  are  witirTilk,  in  long  voyages  by  fea^ 
which  may  perhaps  be  of  ufe  in  the  knowing  of 

*  Plate  XrV.  Fig.  i. 
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the  longitudes  ;  for  in  the  common  motion  of  a 
veffe],  the  pendulum  fupports  itfelf^and  will  not  be 
fo  much  interrupted  in  its  vibrations  as  when  it  is 
only  fufpended  by  a  filk. 

But  if  inftead  of  a  fpring  A,  which  is  applyed 
by  its  breadth  according  to  the  length  of  the 
arbor ^  the  pendulum  was  fufpended  to  a  ftifF  and 
firm  rod,  the  breadth  of  which  fhould  cut  the 
axis  of  the  arbor  perpendicularly,  and  it  fhould  be 
flopped  by  the  arbor  the  motion  of  the  pendu¬ 
lum  would  entirely  govern  the  motion  of  the  clock, 
In  fhort,  if  in  the  pendulums  of  feconds,  to 
avoid  the  accidents  of  the  filk  and  the  fprings, 
the  pendulum  was  fufpended,  as  I  have  juft  faid, 
to  a  firm  and  ftiff  rod,  which  was  engaged  and 
held  fall  in  a  little  particular  arbor  *  A,  which 
moves  itfelf  freely  upon  its  pivots,  the  arbor  of 
the  pallet  which  would  bear  the  Jourchetie^  would 
give  the  motion  to  the  pendulum  by  the  means 
of  this  fourchette^  which  being  governed  by  the 
vibrations  of  the  pendulum,  would  redlify  the 
motion  of  the  clock.  I  am  perfuaded  that  this 
manner  of  applying  the  pendulum  to  the  clocks, 
will  be  better  tium  thofe  which  are  in  ufe.  The 
axis  of  the  pivot  A  miift  be  in  the  fame  right 
line,  with  that  of  the  arbor  which  bears  the  pal¬ 
let  to  avoid  the  fridlion  of  the  fcurchette^  along 
the  rod  of  the  pendulum,  which  muft  necelfarily 
happen  to  the  pendulums,  which  have  cycloids  5 
and  this  friftion  caufes  a  confiderable  inequality 
in  the  motion  of  the  pendulum,  when  the  oil 
in  this  place  thickens,  or  it  gathers  a  little  ruft. 
It  might  be  objedled,  that  the  vibrations  of  the 
pendulum,  which  might  be  of  unequal  lengths, 
would  not  be  reduced  all  to  equality,  there  be¬ 
ing  no  cycloid  in  this  conftrudlion.  To  this  I 
^  Fig.  2. 
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anfwer,  that  thofe  who  have  a  great  while  ma¬ 
naged  with  care  the  great  pendulum  clocks,  know 
well  that^  thefe  vibrations  are  fo  equal,  that  they 
have  no  need  of  cycloids,  and  efpecially  if  thefe 
vibrations  are  not  of  a  long  extent :  but  when  we 
would  have  regard  to  the  inequalities  of  the  vi¬ 
brations  of  the  pendulum  in  this  conftru(51;ion,  I 
fliall  explain  hereafter  the  manner  in  which  they 
muft  be  corr6led. 

Some  pendulums  have  been  made,  the  four- 
chette  of  which  was  placed  above  the  pallets, 
and  met  the  rod  of  the  pendulum  below  the 
weight  of  the  pendulum,  in  a  part  of  the  rod 
which  paiTes  beyond  the  weight :  but  this  con- 
ltru6lion  is  faulty,  and  cannot  ferve  for  great 
clocks  to  make  obfervations ;  for  the  vibrations 
being  very  fhort,  the  weight  of  the  pendulum 
has  but  little  motion,  and  it  may  be  flopped  and 
turned  very  eafily  by  a  very  weak  power ;  thus 
the  unequal  motions  of  the  fourchette^  communi¬ 
cating  with  the  motions  of  the  pendulum,  it  cannot 
be  reclilied,  nor  the  clock  be  jufl,  as  fome  of 
our  academicians  then  obferved,  in  comparing 
thefe  clocks  with  thofe  v/e  commonly  ufe.  But 
after  the 'great  clocks,  which  ferve  for  celeflial 
obfervations,  were  reduced  to  a  point  of  per- 
fedlion,  to  v/hich  one  would  not  have  believed 
they  could  ever  arrive,  fince  we  often  fee  for 
feveral  days  together,  that  they  do  not  vary  from 
the  equal  motion  which  they  mark,  one  fingle 
fecond  of  time ;  there  only  wanted  to  be  found 
the  invention  ot  reducing  to  a  regularity,  thofe 
which  are  commonly  carried  in  the  pocket ;  and 
to  regulate  the  motion  of  the  balance,  which  is 
generally  very  unequal,  a  way  was  thought  on  to 
apply  a  little  fpring,  which  in  bending  and  un¬ 
bending  might  redlify  the  motions  of  it.  This 

principle 
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principle  of  regularity  is  founded  upon  this,  that 
the  vibrations  of  the  fprings  put  into  motion  are 
nearly  equal ;  at  leaft  when  thefe  vibrations  are 
very  near  of  equal  extent. 

At  firft  they  applied  to  thefe  clocks  a  little 
Ipring  quite  ftrait,  which  being  held  fall:  by  one 
of  its  extremities,  bore  at  the  other  extremity 
which  was  free,  a  little  fourcbelte  which  governed 
one  of  the  radii  of  the  balance  meeting  it  in  a 
mean  diftance  from  its  centre  ;  and  by  this  means 
the  motion  of  the  balance,  was  reduced  to  a  fort 
of  equality  by  the  regularity  of  the  vibrations  of 
the  fpring.  But  as  the  length  of  this  little  fpring 
could  not  be  at  moft  above  f  of  the  diameter 
of  the  watch,  it  muft  needs  be  extremely  weak 
to  have  its  vibrations  nearly  equal  to  thofe  of  the 
balance,  and  if  it  was  To  weak,  it  could  not  re¬ 
gulate  the  inequalities  of  the  balance,  which  muft 
make  about  four  vibrations  in  a  fecond  of  time. 
They  have  therefore  quitted  this  ftrait  fpring,  to 
fubftitute  one  of  a  fpiral  figure,  which  takes 
but  little  room,  tho’  it  is  of  a  confiderable -length. 
The  extremity  the  fartheft  diftant  from  the  eye 
of  this  fpiral  is  held  faft  in  two  places  to  be  there 
fupported,  and  the  other  extremity  toward  the 
eye,  is  alfo  fixed  in  the  arbor ^  which  bears  the 
pallets  and  the  balance,  that  the  motion  of  the 
fpring,  which  is  entertained  by  the  motion  of  the 
balance,  may  at  the  fame  time  communicate  its 
regularities  to  it ;  but  when  we  carefully  examine 
the  motion  of  this  balance  regulated  by  the  motion 
of  the  fpiral  plate,  we  perceive  that  there  yet  re¬ 
mains  a  great  deal  of  inequality  in  it,  fo  much 
that  the  motions  ot  the  pallets  acting  againft  the 
extremity  of  the  fpiral  plate,  and  there  making 
an  effort  in  proportion  to  the  length  of  the  femi- 
diameter  of  the  arhor^  at  the  place  where  this 
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fpring  is  engaged,  they  fubdue  the  fpring,  which 
yields  and  gives  way  to  the  inequality,  becaufe 
it  is  weak  and  flight,  and  cannot  refift  the  mo¬ 
tion  of  the  balance ;  which  is  eafy  to  underftand, 
by  what  I  have  already  explained  above  in  fpeak- 
ing  of  the  great  pendulums  fufpended  to  a  fpring. 

I  then  confidered  that  the  motion  of  the  fpring 
mufl  neceflarily  be  applied  at  a  diftance  fome- 
thing  conflderable  from  the  centre  of  the  balance, 
to  be  able  to  govern  its  unequal  motions  with 
more  force,  and  not  to  receive  the  inequalities 
of  it.  It  was  neceflfary  therefore  to  cut  the  fpi- 
ral  fpring  pretty  far  from  the  eye,  and  to  apply  a 
little  fourchette  to  this  extremity,  which  was  en¬ 
gaged  in  one  of  the  radii  of  the  balance,  at  about 
a  quarter  part  from  the  circumference  of  the 
centre  ;  and  the  balance  was  to  be  placed  in  fuch 
a  manner,  that  when  the  fpiral  is  at  reft,  and  not 
conftrained  by  the  balance,  the  radius  where  the 
fourchette  is  engaged,  v/as  already  perpendicular 
to  the  line  traced  by  the  point  where  the  four- 
chette  is  applied,  when  the  fpring  bends  and 
unbends,  that  the  fourchette  might  have  lefs 
iri6i;ion  along  the  radius  of  the  balance,  as  may 
be  feen  in  Fig.  3. 

*  But  here  is  yet  another  way  to  apply  a  fpring 
to  the  balance  of  a  common  watch.  This  fpring 
muft  be  thin  and  broad  as  the  common  fpirals  are, 
but  its  figure  is  waving  with  the  waves  very 
clofe,  by  this  means  we  have  a  great  fpring 
which  takes  up  but  little  room  in  length,  fo  that 
its  vibrations  may  be  flow,  without  filling  a 
great  fpace.  T  he  weaves  are  formed  according  to 
the  breadth  of  the  plate,  which  is  placed  upon 
the  third  wheel,  v/hich  makes  it  fupport  its 
great  kfigth  eafily ;  one  might  even  give  it  much 

^  Fig.  4. 
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more  breadth  than  to  the  common  fpirals,  that  it 
may  fupport  itfelf  more  eafily.  I  have  proved 
that  thefe  fort  of  fprings  bent  into  waves,  have 
very  great  advantages  above  the  other  fprings, 
in  their  being  very  foft,  very  long,  and  making 
but  little  effort  in  each  of  their  parts.  They 
have  yet  a  very  great  advantage  above  the  wire- 
fprings,  which  have  alfo  length  in  a  little  fpace, 
in  this,  that  thefe  fprings  in  their  prolongations 
and  contradlions,  cannot  extend  this  fpire  without 
the  wire  of  which  they  are  compofed,  or  made, 
twilling  or  untwifting,  which  foon  fpoils  them  in 
a  continued  motion,  which  does  not  happen  to 
the  waved  fprings,  even  when  they  are  made 
with  a  wire  inftead  of  a  plate,  as  I  have  here 
fuppofed. 

To  make  application  of  this  waved  fpring  to 
the  balance  of  the  watch,  it  muft  be  held  faft  by 
one  of  its  extremities  to  the  upper  plate  of  the 
watch,  in  the  fame  manner  with  the  fpiral  fprings  ; 
and  by  the  other  extremity  where  the  waves  end, 
it  bears  a  little  fourchette^  which  paffes  into  one 
of  the  radii  of  the  balance  near  a  quarter  part' 
of  the  diftance  from  the  centre,  as  may  be  feen 
in  Jig.  4. 

As  for  the  manner  of  fhortning  or  lengthening 
this  fpring,  that  it  may  make  its  vibrations  ei¬ 
ther  longer  or  fiiorter,  it  mufl  be  done  as  in  the 
fpiral  fprings,  by  the  means  of  a  little  bridle  faft- 
ened  to  a  piece  which  runs  in  a  groove,  to  draw 
it  nearer  or  firther  from  the  place  where  the 
fpring  is  fixed  to  the  plate  of  the  watch. 

We  may  make  this  fpring  long  or  fhort,  ac¬ 
cording  to  the  number  and  fize  of  its  waves,  to 
make  its  vibrations  agree  with  the  alternate  mo¬ 
tion  of  the  balance,  for  thefe  two  motions  muft 
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be  very  nearly  equal,  that  the  one  may  entertain 
the  other  more  eafily. 

See  now  how  we  may  reftify  the  motion  of 
the  pendulum,  when  there  is  no  filk  to  fuftain 
it,  and  the  rod  which  fuflains  the  pendulum  is 
held  fail  in  the  pivot  upon  which  it  is  moved,  as 
I  have  before  propofed. 

Let  ^  AB  be  the  length  of  the  pendulum. 
From  its  point  of  fufpenfion  A,  to  the  centre 
B  the  total  weight,  which  I  fuppofe  to  be  that 
of  ofcillation,  whofe  motion  muft  be  made  by  a 
cycloid,  as  M.  Huygens  has  laid  down.  From 
the  centre  B  with  the  radius  BA,  I  defcribe  the 
circle  AD,  and  having  bifedled  AB  in  E,  I 
draw  EF  perpendicular  to  AB,  which  may  be 
the  bafe  of  a  cycloid  AGF,  which  has  for  a 
diameter  of  its  generating  circle  the  magnitude 
EA,  which  will  be  the  axis  of  it. 

Now  let  there  be  AH  the  curve  defcribed  by 
the  evolution  of  the  cycloid,  beginning  the  evo¬ 
lution  at  the  top  A,  and  let  there  be  the  cycloid 
BIF  defcribed  by  the  evolution  of]  the  cycloid 
AGF,  beginning  the  evolution  upon  the  bafe 
at  F. 

I  fay  that  the  pivot,  which  muft  fuftain  the 
rod  of  the  pendulum,  muft  be  hollow  under  the 
circular  figure  AD,  and  that  it  muft  move  upon 
the  convex  part  of  the  curve  AH.  I  fay  nothing 
of  the  manner  of  applying  this  pivot,  and  that 
which  fupporfs  it,  for  there  is  no  difficulty  in  it, 
and  it  does  not  fignify  whether  the  concave  part 
rolls  or  Aides  upon  the  convex  AH,  Ance  the 
point  B  will  always  be  found  in  the  cycloid  BIF. 

The  demonftration  of  this  conftru6lion  depends 
upon  the  nature  of  the  curves  defcribed  by  evo¬ 
lution.  For  it  is  certain,  that  if  the  right  line  AB 


rolls 


Royal  Academy  of  Sciences.  22^ 

rolls  in  applying  itfelf  upon  the  cycloid  AGF, 
its  extremity  B  will  defcribe  the  cycloid  BIF,  and 
its  extremity  A  the  curve  AH,  and  that  this  line 
AB  will  be  different  in  all  its  pofitions,  as  IGH 
perpendicular  on  both  fides  to  each  curve  BIF 
and  AH. 

But  when  any  point  as  D,  of  the  circle  AD, 
fliall  be  applied  upon  the  curve  AH  at  the  point 
H,  the  circle  and  the  curve  will  touch  in  the  fame 
point  H,  and  the  line  HGI  drawn  from  this  point 
H  for  a  tangent  of  the  cycloid  in  G,  being  per¬ 
pendicular  to  the  curve  AH  and  to  the  circle,  will 
be  equal  to  BA  by  the  defcribing  of  the  circle  ; 
and  confequently  the  extremity  I  of  this  line  will 
agree  with  the  point  B,  placed  in  I  upon  the  cy¬ 
cloid,  altho’  the  rod  AB  is  found  in  fome  other 
pofition,  as  AR  ;  for  it  is  no  matter  what  point 
D  of  the  circle  AD  with  refpedl  to  the  point  A, 
where  the  rod  of  the  pendulum  is  applied,  is 
found  in  H  upon  the  curve  AH,  fince  all  thefe 
lines  are  radii  of  the  fame  circle. 

.  But  as  this  fort  of  hollow  pivot  may  feem  dif¬ 
ficult  to  be  excuted,  I  fay  that  it  may  be  made 
of  an  infinite  number  of  different  figures  convex 
or  concave,  and  fuch  as  you  will,  which  deter¬ 
mines  at  the  fame  time  the  figure  of  the  curve  of 
the  hole,  or  fupport,  on  which  it  moves,  which 
will  be  eafy  to  do,  by  the  methods  that  I  have 
explained  in  my  treatife  of  epicycloids. 


XI. 
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IV.  extraEi  of  fome  letters  written  from 
Portugal  and  Brazil,  by  M,  Couplet  the  fon^ 
Abbot  Bignon,  prefdent  of  the  royal  aca^ 
demy  of  fciences, 

Y!he  longitude  of  Lifbon. 

Among  many  obfervations  of  the  fatellites  of 
Jupiter^  which  I  made  at  Lisbon  in  1698,  there 
was  one,  which  was  like  wife  obferved  at  Paris^ 
in  the  royal  obfervatory  by  M.  Cajfmi,  It  was 
an  immerfion  of  the  firft  fitellite  into  the  fhadow 
Jupiter  on  May  7,  1698,  as  follows. 

It  is  well  to  obferve  beforehand,  that  I  placed 
myfelf  upon  St.  Katherine's  mount,  fituated  to 
the  S.  S.  W.  of  the  town,  in  a  convenient  place 
for  thefe  fort  of  obfervations ;  that  I  was  per- 
fedlly  alTured  of  the  ftate  of  my  pendulum,  and 
that  I  made  my  obfervation  with  a  telefcope  of 
1 7  feet,  and  exaflly  of  the  fame  force  with  that 
which  M.  Cajfini  ufed  at  Paris  for  his. 

May  7,  1698.  The  total  immerfion  of  the  firft 
fatcllite  into  the  fhadow  of  Jupiter^  obferved 

h  ■  /  // 

At  Paris  at  -  -11921  P.M, 

P^x.  Lisbon  zt  -  -  10  17  30 

The  difference  of  the  merid.  is  o  5 1  5 1 
Which  comes  to  -  “  57  45 

by  which  Lisbon  is  more  eafterly  than  Paris, 

Suppofing  the  longitude  of  Paris  21^  only,  as 
there  are  ftrong  prefumptions  to  make  it,  that  of 

Lisbon  v/ill  be  -  -  8215 

This  difference  of  the  meridians  between  Paris 
and  Lisbon,,  is  much  greater  in  Sanfon's  maps, 
which  have  paffed  without  contradidion  for  the 

beft 
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beft  thefe  thirty  years.  Lisbon  appears  in  them 

^  It 

more  wefterly  than  by  our  obfervations  by  52  15 
of  degrees,  which  are  equivalent  to  16  or  17 
leagues  in  this  parallel. 

On  the  contrary  the  new  fea-charts,  printed  by 
order  of  the  king  fix  years  ago,  make  Lisbon 

lefs  wefterly  than  our  obfervations  by  27  45  of 
degrees,  which  is  above  9  leagues.  Thus  the 
diftance  between  the  meridians  of  Paris  and 
Lisbon^  marked  in  the  new  fea  charts,  is  diffe¬ 
rent  from  that  of  Sanfon’s  maps  i  20  ;  which  is 
conhderable,  being  more  than  of  their  true 
diftance  which  refuits  from  our  obfervations. 

Tbe  latitude  of 

As  there  is  no  great  difficulty  in  obferving  the 
latitude,  it  is  not  fo  eafy  to  miftake  it,  provided 
one  has  inftruments  of  a  reafonable  fize.  The  ob- 
lervations  that  I  have  made  of  the  latitude  of 
Lisbon^  will  ferve  to  confirm  that  which  is 
marked  in  the  new  fea-charts.  As  for  the  lati¬ 
tude  of  Lisbon^  marked  by  Sanfon  in  his  parti-  > 

I  II  .  , 

cular  map  of  Portugal  in  1654,  at  38  27,  it  is 

fo  far  from  truth,  that  I  do  not  believe  any 

body  can  be  miftaken  in  it;  alfo  in  a  general 

map  of  Spain  which  he  has  made  fince,  he  has 

/ 

increafed  it  all  at  once  23. 

I  obferved  the  polar  ftar  at  the  end  of  Decem¬ 
ber  1697,  with  an  inftrumentof  i  foot  |  radius^ 
furnifhed  with  glaffes  with  threads,  and  I 
found  at  Lisbon^ 


The 
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The  greateft  meridian  height  of  the  }  °  " 

polar  ftar  -  -  -3"^^  5  4^ 

The  leaft  height  of  the  fame  -  -  3^  28  o 


The  difference  of  the  two  heights  is  ^  4  37  40 
The  half  of  this  difference  is  -  -  2  18  50 

Adding  this  half  difference,  with  the 
leaft  height  of  the  polar  ftar,  we 
lhall  hr/ve  for  the  apparent  height 
of  the  pole  -  .  - 

From  which  fubftratftinff  the  fuitable  > 

refra(ftion  -  -  ,^0125 


There  remains  -  "  3^  45  25 

for  the  true  height  of  the  pole  at  Lisbon. 

^he  declination  of  the  needle  at  Lifbon. 

Dec.  26,  1697.  I  obferved  at  Lisbon  the  de¬ 
clination  of  a  magnetical  needle  6  inches  long  by 
the  means  of  a  meridian  line,  which  I  had  drawn 
fome  days  before  with  great  exadlnefs,  and  I 

found  it  to  be  4  18  N.  W. 

^be  difference  of  the  length  of  the  pendulum  at 

Lifbon  and  at  Paris. 

Before  I  left  Paris^  I  had  regulated  my  clock 
at  the  royal  obfervatory  in  July  and  the  begin¬ 
ning  of  Aug.  1697,  and  I  had  put  it  to  the  mean 
motion,  where  it  had  remained  a  confiderable 
time  to  be  affured  of  it.  Plaving  left  it  in  the 
fame  ftate,  I  fet  it  a  going  at  Lisbon  the  Nov. 

/  n 

following,  and  I  obferved,  that  it  loft  2  13  in 
24  hours.  As  I  had  found  that  in  railing  the 
little  weight  as  high  as  it  could,  it  did  not  acce¬ 
lerate  the  motion  of  the  pendulum  an  entire  mi¬ 
nute,  which  was  not  fufheient  j  I  determined  to 
»■  '  fliorten 
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iliorten  the  pendulum,  and  after  many  attempts, 
I  found  that  the  pendulum  of  the  clock  Ihould 
be  fliorter  at  Lisbon  than  at  Paris  by  2  lines  I, 

The  latitude  of  Paraiba. 

As  the  Iky  was  often  cloudy,  I  was  above  a 
month  in  regulating  my  clock,  becaufe  there 
wanted  a  great  many  obfervations  to  have  the 
length  of  the  pendulum,  and  during  this  I  took 
the  height  of  the  fun  feveral  times  5  from  whence 

o  /  // 

I  conclude,  that  this  town  is  at  6  58  18  of 
fouthern  latitude. 

The  declination  of  the  needle  at  Paraiba. 

May  0.0^  1698,  having  firft  carefully  drawn  a 
meridian  line,  which  I  ufed  for  agronomical  ob¬ 
fervations,  I  obferved  the  declination  of  the  mag- 

o  / 

netical  needle  to  be  5  35  N.  E. 

The  difference  of  the  length  of  the  pendulum  at 

Paraiba  and  at  Paris. 

When  I  arrived  at  Paraiba  in  March  1698, 
my  firft  care  was  to  regulate  my  clock,  and  to  put 
it  exaddy  into  mean  motion,  as  well  to  know  the 
difference  of  the  length  of  the  pendulum,  as  to 
prepare  myfelf  to  make  the  obfervations  of  the 
iatellites  of  Jupiter  for  determining  the  longitude 
of  this  town.  At  firft,  I  put  the  pendulum  again 
into  the  ftate  where  it  was  when  I  left  PariSy  and 
fet  it  a  going,  I  found  that  it  loft  of  its  mean 

/  u 

motion  4  12  in  24  hours.  I  then  fhortened  the 
pendulum  feveral  times,  and  at  laft  having  re¬ 
gulated  it  upon  the  mean  motion,  I  found  that 
the  pendulum  muft  be  lliorter  at  Paraiba  than  at 
Paris  by  3  lines  j. 

Vol.LN^6.  Gg  I 
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I  afterwards  put  the  fame  clock  in  the  flatC 

where  it  was,  when  I  ufed  it  to  make  my  obfer- 

vations  at  Lisbon^  where  1  had  regulated  it  upon 

the  mean  motion,  and  I  obferved  that  in  this 

In, 

ftate  it  loft  at  Paraiha  2  5  in  24.  hours. 

Altho’  the  difference  which  is  found  between 
the  two  pendulums  of  feconds  taken  at  Paraiha 
and  at  Paris ^  is,  as  we  have  obferved,  but  3 
lines  f,  which  is  not  confiderable  in  a  length  of 
3  or  4  feet,  as  were  thofe  which  we  compared  ; 
neverthelels  it  canfed  a  fenffble  error,  (as  it  is  eafy 
to  fee,  fince  we  know  that  the  times  employed  in 
the  vibrations  of  the  pendulums  are  between  them- 
felves  as  the  roots  of  their  heights)  by  which  we 
fee,  that  2i\.  Paraiha  we  made  ufe  of  a  pendulum 
of  feconds,  like  that  at  Paris^  that  is,  3  feet 
8  lines  I,  inftead  of  3  feet  4  lines  f ,  which 
it  fhould  have  in  this  part  of  Brazil  to  fwing  the 
feconds.  Then  its  motion  would  be  flackened, 
that  in  the  fpace  of  an  hour  it  would  not  give 
more  than  about  3585  ofcillations  inftead  of 
3600,  which  it  gave  at  Paris^  which  is  near 

1 5  difference  in  an  hour  ;  and  on  the  contrary, 
if  the  pendulum  of  feconds  of  Paraiha^  that  is 
3  feet,  4  lines  \  was  put  into  motion  at  Paris^ 
where  it  ought  to  be  3  feet,  8  lines  |,  it  would 
accelerate  and  give  3615  vibrations  in  an  hour, 
inftead  of  only  3600  which  it  gave  at  Paraiha, 
Thefe  obfervations,  added  to  thofe  which  have 
been  made  by  many  of  the  learned,  fufficiently 
confirm,  that  the  nearer  we  are  to  the  equator, 
the  more  we  muft  fhorten  the  pendulum  ;  but 
the  relation  between  thefe  different  contractions, 
which  do  not  follow  the  proportion  of  the  diffe¬ 
rent  latitudes,  with  which  they  agree,  is  hitherto 
unknown  to  us  \  altho*  many  able  philofophers 

have 
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have  endeavoured  to  explain  it  to  us  ;  and  to  ar¬ 
rive  at  it,  there  mull  be  yet  a  great  number  of 
obfervations  on  this  fubjedl,  which  altogether  may 
perhaps  at  lad,  by  their  numerous  comparifohs, 
difeover  to  us  the  true  caufe  which  has  been  long 
fought  for. 

The  attention  that  we  muft  have  to  know  the 
true  length  of  the  pendulum,  proper  for  the  place 
where  we  obferve  it,  is  not  confined  to  aftrono- 
inical  obfervations,  but  is  alfo  effential  in  an  in¬ 
finite  number  of  things ;  as  for  example,  in  the 
gauging  of  current  waters,  in  the  pradlice  of  which 
we  commonly  ufe  the  fimple  pendulum,  whole 
length  is  meafured,  as  we  know  from  the  centre 
of  the  ball  to  the  point  of  fufpenfion,  and  this 
length  of  the  pendulum,  proper  for  the  place 
where  we  are  to  make  obfervations,  muft  be 
meafured  with  exadtnefs,  fince,  that  fpring,  for 
example,  which  at  Paris  would  fupply  3600  in¬ 
ches  of  water  in  one  hour,  determined  by  the  mean 
of  the  pendulum  of  the  true  length,  that  is,  of  3  feet, 
8  lines  I  would  feem  to  fupply  3615  inches,  if 
we  ufe  there  a  pendulum  of  3  feet,  4  lines 
fuch  as  we  muft  at  Paraiha^  thus  we  lhall  be 
miftaken  1 5  inches  of  the  running  in  each  hour. 

I  cannot  caft  my  eyes  upon  thefe  aftronomical 
obfervations  that  I  made  at  Paraiha,  without  re- 
colledling  an  accident  which  happened  to  me  at 
the  fame  time.  As  I  do  not  believe  any  author 
has  ever  fpoken  of  the  fame  thing,  it  will  perhaps 
be  agreeable  to  find  it  here.  There  is  in  Brazil 
a  fort  of  ferpent,  about  2  feet  long,  and  3  or  4 
inches  round,  called  by  the  Portuguefe  cobra  de 
los  cahe^as^  or  two  headed  ferpent  -,  not  that  it 
really  has  two  heads,  as  I  found  after  having  ex¬ 
amined  it  carefully,  for  it  has  only  at  the  end  of 
the  tail  a  thicknefs,  which  has  at  a  diftance  the 

G  g  2  ap- 
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appearances  of  a  head.  The  Brazilians  or  Ma- 
zombes^  and  after  them  the  Fortugueze^  have 
taken  it  for  a  head  fo  much  the  more  eafily,  be- 
caufe  they  extremely  feared  this  fort  of  ferpent, 
for  they  fuppofe  there  is  no  cure  for  the  fling  of 
it.  They  know  even  that  it  is  dangerous  to 
touch  it  after  it  is  dead,  and  probably  it  is  this 
which  has  kept  them  from  examining  it.  They 
told  me,  that  only  the  touching  of  it  would  bring 
the  itch  *,  I  negle6led  this  wholefome  advice, 
which  I  looked  upon  as  an  effedl  of  their  fear, 
but  I  was  punifhed  for  my  boldnefs  ;  for  having 
killed  feveral  of  thefe  ferpents,  I  flayed  Tome  of 
them  to  examine  them,  and  preferve  the  fkin ; 
and  2  or  3  days  after,  I  faw  myfelf  really  covered 
with  puflules,  which  were  filled  with  a  red  wa¬ 
ter  :  they  remained  a  long  while,  and  even  three 
months  after,  I  was  not  entirely  free  from  them. 

There  are  in  the  country  ferpents  of  an  extra¬ 
ordinary  fize,  I  killed  one  with  a  gun  in  the 
woods  between  Paraiba  and  Pernambouc^  which 
was  above  15  feet  long,  and  16  or  18  inches 
round  *,  it  was  all  covered  with  fcales,  black, 
white,  grey,  and  yellow,  which  altogether  made 
a  very  beautiful  appearance :  the  bite  of  thefe 
ferpents  is  venemous,  nevcrthelefs  the  Brazilians 
and  Blacks  made  no  difficulty  of  eating  the  flefh. 
This  ought  not  to  appear  more  flrange,  than  that 
which  is  obferved  in  the  manihot^  the  meal  of 
which  is  the  moft  common  food  in  Brazil^  and 
the  juice  is  a  poifon,  as  I  have  tried  upon  a  dog, 
which  I  made  drink  lefs  than  half  a  tavern-glafs 
of  it  at  eight  o’clock  at  night.  I  obferved  him 
for  fome  time,  without  perceiving  any  fenfible 
alteration.  I  fhut  him  up  that  nighty  and  the 
next  morning  I  found  him  dead. 


V. 
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V.  A  general  method  of  throwing  homhs  in  all 
cafes  propo fed ^  with  an  univerfal  inflrument 
for  this  purpofe^  by  M,  de  la  Hire 

This  f  inftrument  confifts  only  of  a  femicircular 
plate  ABD,  which  has  a  rule  or  tail  BE  fixed 
upon  the  edge  of  the  circle,  which  anfwers  to  the 
centre  C,  and  of  which  the  fide  BE  being  pro¬ 
longed,  meets  the  centre  C  of  the  circle,  and  is 
perpendicular  to  the  diameter  ACD  of  the  femi- 
circle.  The  femidiameter  CD  of  the  femicircle 
is  divided  into  9  equal  parts,  and  upon  CE  there 
are  alfo  marked  the  fame  divifions,  as  upon  CD. 
Each  of  thefe  divifions  reprefents  loo  toifes,  and 
they  may  be  fubdivided  by  little  points  into  o- 
ther  lefiTer  parts  ;  but  it  will  be  ealy  to  judge  by 
the  eye  alone,  which  is  fufficient  for  thefe  forts  of 
operations.  Through  the  divifions  of  the  dia¬ 
meter  7,  8  and  9,  draw  femicircles  with  their 
centre  in  C. 

To  the  centre  C  of  the  inftrument,  is  fixed  a 
rule  CF,  which  is  flit  in  the  middle,  that  it  may 
let  the  pin  G  run  in  it,  with  the  head  turned  to¬ 
ward  the  plate  ;  the  middle  of  this  flit  anfwers  to 
the  centre  C  of  the  femicircle.  This  pin  G  pafies 
alfo  into  the  flit  of  another  rule  IH  like  the  firft, 
fo  that  thefe  two  rules  may  be  held  fait  by  the 
fame  pin,  with  a  little  fcrew  with  ears,  to  what 
length,  and  in  what  angle  you  pleafe. 

At  the  extremity  H  of  the  rule  IH,  there  is  a 
little  round  plate,  the  breadth  of  the  rule,  which 
fhouldf  be  of  fome  white  metal,  as  filver,  upon 
which  is  marked  a  black  point,  v^hich  anfwers  to 
the  middle  of  the  flit  of  the  rule.  Upon  this 

*  July  24,  1700.  d  Plate  XIV.  Fig.  6. 

rule 
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rule  IH,  from  the  centre  H  of  the  filver  pin  arc 
alfo  , marked  the  magnitudes  C  7,  C  8,  C  9. 

The  rule  CF,  which  may  turn  freely  upon  its 
pin  C,  which  is  placed  in  the  centre  of  the  femi- 
circle,  may  be  held  faft  in  what  pofition  you 
pleafe,  upon  the  plate  of  the  femicircle,  by  the 
means  of  a  fcrew  at  the  end  of  the  pin,  which  locks 
the  plate  and  rule  together,  it  muft  be  obferved, 
that  thefe  pins  C  and  G  muft  be  pointed  at  their 
ends,  and  raifed  a  little  above  their  fcrew. 

Along  the  femidiameter  CD,  there  is  upon  the 
plate  a  (lit,  into  which  paffes  or  runs  a  Aiding 
piece  O,  with  a  pointed  head,  to  which  is  faf- 
tened  the  thread  of  a  plummet  :  the  middle  of 
this  flit  muft  be  upon  the  diameter  ACD  of  the 
femicircle. 

As  for  the  ufe  of  this  inftrument,  it  may  ferve 
at  firft  to  determine  the  diftance  from  the  ftation 
where  the  mortar  is,  to  the  mark,  without  its  being 
neceflfary  to  know  the  number  of  toifes  of  this  diftance. 
This  is  done  by  taking  fome  bafe  of  3  or  4  hun¬ 
dred  toifes  on  the  fide  of  the  place  where  one  is, 
and  aiming  at  fome  known  objecl  at  this  diftance, 
by  the  pin  C  and  the  Aiding  piece  G  ;  aim  alfo  at 
the  mark  by  the  pins  C  and  G,  fix  the  rule  CF, 
in  this  pofition  on  the  plate,  by  means  of  the 
fcrew  at  C.  Afterwards  remove  the  inftrument 
to  the  ftation  where  you  aimed  at  firft,  and  then 
place  the  Aiding  piece  O  at  the  number  of  toifes 
from  the  point  C  to  the  other  ftation  :  and  aiming 
alfo  by  the  Aiding  piece  and  by  the  pinC,make  the 
pin  G  run  upon  the  rule  CG,  till  you  fee  by  the 
Aiding  piece  O  and  the  pin  G,  the  mark  you 
aim  at :  then  flop  the  pin  G  in  this  pofition,  and 
the  diftance  CG  will  be  in  the  parts  of  CO  the 
number  of  toifes  from  the  ftation  where  you  fhoot, 
to  the  mark  j  which  is  not  neceflary  to  know, 
3  Pi'o- 
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provided  the  pin  G  is  (topped  upon  the  rule  CF 
in  this  pofition.  But  if  this  diftance  was  given, 
you  need  only  place  the  rule  CF  upon  the  line 
CE.  and  (lop  the  pin  G  in  the  number  of  toifes 
there  marked. 

To  have  the  elevation  or  depreffion  of  the 
mark,  with  relation  to  the  horizon  of  the  place 
from  whence  you  are  to  (hoot,  the  plate  muft  be 
held  fait  in  fuch  a  fituation,  that  the  thread  of  the 
plummet  P  be  applied  to  the  point  A,  or  upon 
the  diameter  AD,  and  move  the  rule  CF,  fo 
that  you  may  fee  the  mark  by  the  point  of  the 
pins  C5  G.  You  muft  then  (top  the  rule  CF  very 
tad  upon  the  plate  of  the  femicircle.  Thefe  are 
the  two  things  we  muft  always  know,  together 
with  the  force  of  the  powder  in  whatfoever  me¬ 
thod  it  be. 

As  for  the  force  of  any  certain  quantity  of 
powder,  or  of  the  height  to  which  the  caft  can 
be  raifed  in  aiming  toward  the  zenith  *,  as  it  can¬ 
not  be  known  by  experiment,  we  know  by  the 
demonftration  that  the  point  of  the  horizon  where 
the  bomb  may  come,  when  it  is  caft  in  an  angle 
of  45'’,  or  half  a  right  one,  is  alway  diftant  from 
the  place  where  you  aim,  double  the  elevation  of 
the  vertical  caft  ;  this  is  what  is  called  the  am¬ 
plitude  of  the  caft;  wherefore  one  (ingle  obfer- 
vation  made  in  this  manner,  and  with  its  con- 
veniencies,  may  ferve  for  all  forts  of  cafes. 
For  example,  if  the  caft  is  1 600  toifes,  the  ver¬ 
tical  or  perpendicular  caft  will  be  raifed  to  800 
toifes.  This  inftrument  may  alfo  ferve  to  make 
this  caft,  as  will  be  feen  hereafter. 

Now  for  the  pradlice  of  cafts,  and  the  ufe  of 
the  inftrument,  you  muft  place  the  Hiding 
piece  O  upon  the  number  of  toifes  of  the  vertical 
caft,  as  in  the  figure,  upon  the  point  of  900 

tOifes, 
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toifes,  if  the  vertical  call  is  900  toifes,  or  elfe  if 
the  amplitude  of  the  caft  be  45^,  1 800  toifes.  Af¬ 
terwards  move  the  rule  IH  in  its  groove  upon  the 
pin  G  immoveable  upon  CF,  till  the  fame  divi- 
lion  of  900  toifes  of  this  rule  HI  meet  upon 
CE,  when  IH  will  be  pretty  near  parallel  to 
AD,  or  IH  perpendicular  to  CE  ;  which  will  be 
known  by  turning  the  rule  IH,  if  its  divifion  of 
900  touches  the  line  CE.  Then  if  you  turn  the 
rule  IH  upon  the  pin  G,  the  length  GH  re¬ 
maining  always  the  fame,  that  you  found  it. 
When  the  centre  of  the  plate  H  Ihall  touch  the 
circle  OLL  of  900  toifes,  flop  the  rule  IH  very 
fall  to  the  rule  CF  with  the  fcrew  which  is  at  G. 
Now  if  you  apply  one  of  the  fides  of  the  tail 
BE,  which  we  fuppofe  of  equal  breadth  every 
where,  within  the  mortar  or  cannon,  and  after¬ 
wards  raife  or  deprefs  it  as  much  as  is  neceiTary 
to  make  the  thread  of  the  plummet  P  pafs  by 
the  point  L,  the  call  will  fall  at  the  mark 
defigned.  i 

If  the  point  H  cannot  meet  its  circle  but  in 
one  point,  there  is  but  one  fingle  call:,  which  can 
go  to  the  mark ;  but  if  it  can  meet  it  in  2 
points,  thefe  2  points,  as  L,  will  ferve  to  make 
2  different  calls  in  the  fame  manner,  that  we 
have  explained  for  one,  which  will  both  go  to 
the  fame  mark.  If  the  point  H  cannot  meet 
its  circle,  there  is  not  any  call  which  can  go  to 
the  mark. 

*The  demonftration. 

*  The  demonftration  of  this  pradfice  depends 
upon  a  propofition  of  the  parabola,  which  I  have 
demonftrated,  and  which  M.  Blcndel  relates  from 
me  in  Chap.  7.  of  part  III.  of  his  treatife.  For 
the  point  G  being  the  mark  aimed  at,  and  by 

*  Fig.  7. 
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iny  c6iiftru6lion  GH  being  equal  to  the  difference^ 
between  the  height  of  the  vertical  caft  CO,  and 
the  height  of  the  mark  G  above  the  horizon^ 
which  pafles  by  C,.  or  elfe  the  fum  of  the  fame, 
if  the  point  G  is  bejow  the  horizon ;  or  under 
the  level  of  the  point  C,  that  i$,  if  GH  is  per¬ 
pendicular  to  the  horizon,  the  line  OH  will  be 
the  level ;  therefore  the  points  of  interfedion. 
LL  of  the  two  circles  OL,  HL,  are  the, foci  of 
the  parabola’s,  which  will  pafs  by  C  and  G,  and 
It  is  this  figure  which  M.  Blondet  has  only  re- 
verfed  in  his  fqiiare  inflrumentj  which  does  not 
alter  the  conftrudlidn. 

Now  I  fay  jhat  the  line  OL  being  vertical  of 
perpendicular,  vVill  make  with  OH  or  CE  of  my 
inftrument,  which  is  parallel  to  it,  the  angle  that 
the  direction  of  the  call:  muft  make  to  the  point 
C,  without  there  being  need  tb  make  a  new 
Operation^  and  it  is  in  this  chiefly  that  the  fim- 
^  plicity  of  this  pra6lice  confifls. 

For  if  you  draw  LM  perpendicular  iipoii 
t)H,  and  bifeft  it  in  Si  the  point  S  rnufl:  be  the 
fummit  of  the  parabdfa  of  the  caff.  But  alfo 
by  the  properties  of  the  parabola;  we  know 
that  the  line  LC  being  drawn,  and  OC  Being  a 
diameter;  the  tangent  CN  of  the  parabola  at 
the  point  C,  will  bife6l  the  angle  OCL;  and  con- 
fequently  the  angle  OCN  determines  the  angle 
of  the  caft,  if  t)C  is  confidered  as  vertical.  But 
1  fay  alfb  that  the  angle  HOL  is  equal  to  the 
angle  OCN,  v/hich  is  evident,  fince  the  2  reft- 
^gular  triangles  CON,  OLM,  have  One  equal 
angle  CON,  OLM,  the  two  lines  CO,  LM, 
being  parallel,  and  cut  by  the  fame  OL:  there¬ 
fore  in  the  inftruinent,  if  the  thread  of  the  plum¬ 
met  pafles  by  OL,  it  is  plain  that  OH  or  CE, 

VoL.  I.  N®.  7.  Hk 
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Of  any  other  which  is  parallel  to  them,  will  give 
the  inclination  of  the  mortar,  or  the  line  by  which 
the  caft  muft:  be  made. 

It  may  be  obferved  by  the  calls  of  bombs  or 
bullets,  that  as  there  are  in  almoft  all  calls  2  points 
as  LL,  there  will  be  alfo  2  different  calls  which 
go  to  the  fame  mark,  but  the  upper  one  will  be 
more  fit,  to  make  its  effort  againft  bodies  which 
are  placed  in  a  level,  and  the  other  call  will  have 
more  effed  againft  bodies  that  ^re  perpendicular  3 
as  walls. 
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I,  On  the  declination  of  the  needle  3  tranjlated 

by  Mr,  Chambers. 

Dr.  Halley^  a  learned  EngUjh  philofopher, 
having  made  a  VQ)^age  to  the  foiichern 
parts,  has,  among  other  philofophical  treafures, 
brought  with  him  a  general  theory  of  the  varia¬ 
tion  of  the  loadftone. 

In  the  vaft  fea  which  feparates  Europe  and  A- 
frica  from  America^  he  finds  four  fcveral  places 
wherein  the  needle  does  not  decline  at  all. 

Eirft^  In  — k  of  weftern  longitude  and 

2^  of  northern  latitude. 

Secondly^  In  4^  -t! — : — -  of  weftern  longitude. 

and  37^^! — r- - of  fouth  latitude. 

Thirdly^  In  lo^i-  --  ■  , - of  weftern  longitude, 

and  16"^^  : —  of  fouth  latitude. 

Fourthly y  In  64^—! - ^ —  of  weftern  longitude, 

and  31^1— — r—  of  north  latitude. 

The  longitudes  being  all  reckoned  from  the 
meridian  of  London, 

Having  thefe  four  points,  he  imagined  that 
they  might  be  comprehended  in  a  curve-line, 
which  fhould  furround  the  terreftrial  globe,  and 
under  which  the  needle  ftiould  have  no  variation, 
but  in  all  places  on  one  fide  of  ft  the  variation 

Ihpuld 
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fhould  be  eaftern,  and  in  all  thofe  of  the  other 
weftern. 

This  notion,  fo  new  and  pleafing  to  the  mind, on 
account  of  that  order  which  it  introduces  into  a 
matter,  whereof  there  was  before  no  appearance, 
would  be  ftill  further  defirable  for  the  improve¬ 
ment  of  navigation  in  long  voyages,  where  it  is 
very  inconvenient  to  be  in  a  perpetual  diflrufl  of 
the  needle,  and  not  to  dare  intirely  to  credit  any 
calculus  depending  thereon.- 

Dr.  Halley  had  the  fatisfa6lion  to  find,  that  all 
the  other  obfervations  in  his  whole  voyage  agreed 
with  and  confirmed  this  fyftem,  the  declination 
being  always  found  eaflern  or  Weftern,  and  greater 
or  lefs,  according  as  the  places  whereon  this  or 
that  fide  of  the  curve  line  exempt  of  all  varia¬ 
tion,  and  as  they  were  more  or  lefs  diftant  there¬ 
from. 

But  M.  Cajfini  the  younger,  being  employed 
in  continuing  the  meridian  of  Paris  thro*  the 
fouthern  provinces  France^  and  obferving  at 
the  fame  time  the  feveral  declinations  of  the  Joad- 
ftone  in  the  feveral  places,  did  not  find  them  al¬ 
together  fuch  as  they  fhould  have  been  by  Dr* 
Halleyh  fyftem*,  for  continuing  theJines, which  that 
author  had  drawn  on  the  ocean  thro’  the  inter¬ 
mediate  lands  and  Mediterranean  fea  into  the 
continent  of  Europe^  it  appeared,  that  the  decli¬ 
nation,  for  inftance,  in  the  gulph  of  is  2^ — » 
greater  than  it  fhould  be  by  the  new  dodlrine  — ^ 
But  the  reafon  may  be,  that  the  laws  of  variation 
undergo  fome  change  between  the  ocean  and  fuch 
diftant  continents,  and  it  would  be  well  worth  our 
attention  to  obferve  this  defedt  of  uniformity,  and 
find  the  meafure  and  quantity  thereof*,  the  leaft 
we  can  do  is  to  favour,  as  far  as  nature  will  alJovf 
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us,  fo  beautiful  a  difcovery,  and  never  to  give  it 
up  till  we  can  no  longer  hold  it. 

If  it  be  true,  that  the  line  of  no  variation  will 
be  movable  on  the  furface  of  the  earth,  fince  the 
variation  changes  in  the  fame  places  at  the  rate 
of  II  or  12  minutes  in  a  year;  but  it  may  be 
added,  that  this  variation  feems  confined  within 
certain  bounds,  for  in  the  whole  courfe  of  time 
that  the  needle  has  been  known  to  point  towards 
the  north,  it  has  altered  fo  little  as  to  leave  the  ob- 
fervers  till  of  late  in  the  error  of  believing  it  di- 
refted  precifely  to  the  north  ;  and  upon  the 
whole,  ’tis  not  improbable,  but  that  the  motion  of 
the  line  of  no  variation  is  included  between  a  kind 
of  tropicks. 

II,  A  method  jor  obferving  the  Jlux  or  re-* 
jiux  of  the  Jea  in  the  ports^  tranjlated  by 
Mr.  Chambers, 

Tho*  the  tides  have  pafsM  for  a  myftery  al- 
moft  impenetrable  to  the  human  mind,  yet  the 
caufe  thereof  feems  at  length  difcovei’d ;  but 
what  will  appear  furprizing,  we  have  more  room 
to  flatter  ourfelves  upon  having  the  true  fyftem, 
than  upon  exacfl:  obfervations  of  its  phcenome^ton. 
The  academy  therefore  bethought  themfelves  of 
procuring  fuch  obfervations  from  different  places, 
and  accordingly  a  memoir  was  drawn  up  by  Fa¬ 
ther  Gouye  and  M.  de  la  Hire^  upon  the  hints 
and  fuggeffiohs  the  whole  company,  and  pre- 
fented  to  the  co  untde  Pontchartrane^  who  having 
the  direction  of  marine  matters,  fent  it  into  all 
the  ports  of  France ;  its  tenor  is  as  follows : 
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A  method  of  ohjerving  the  flux  and  reflux  of  the 

fea  in  fea  forts. 

1.  A  place  is  to  be  pitch’d  on  well  flielter’d^ 
where  the  fea  has  no  other  motion  belides  its  flux 
and  reflux  •>  here  a  flake  is  to  be  planted,  fur- 
pafling  the  greateft  height  to  which  the  water 
rifes  in  fuch  placei 

2.  This  flake  to  be  divided  into  \  inches,* 
reckoning  from  the  furface  of  the  ground,  and 
parallel  lines  to  be  drawn  thro’  each  divifion. 

3.  At  each  tide  it  is  to  be  noted  in  a  journal,- 
what  divifion  of  the  flake  the  fea  was  at,  when 
either  higheft  or  lowed,  and  jf  this  happen  to 
fall  between  2  divifions,  the  interval  to  be  efti- 
mated  as  nearly  as  may  be. 

4.  The  hour  and  minute  when  the  fea  appear’d 
cither  highefl:  or  loweft  on  the  flake^  is  likewife 
to  be  oblerved  by  a  well  regulated  watcli. 

5.  If  the  fea*  at  low- water  retire  from  the  flake, 
it  may  fuflice  to  mark  the  divifion  it  is  at  when 
higheft,  and  the  time  thereof. 

6*  Let  it  be  obferved,  as  often  as’may  be^  at 
what  precife  time  the  fea  arrives  at  the  fame  de- 
vifion  both  rifing  and  falling. 

7.  Obferve  what  winds  blow  while  the  fea 
rifes  and  falls,  and  in  what  dircdlion  the  tide 
drives  both  rifing  and  falling, 

8.  Obferve  the  crofs  wind  of  the  road,  as  alfo 
that  which  ranges  the  entrance  of  the  port. 

Laftiy  obferve  a  few  times  in  a  year,  whether 
there  be  not  a  little  refi  betwaen  the  times,  when 
the  fea  rifes  and  falls,  in  order  hereto  k  will  be 
proper  to  moor  a  floop  in  the  road  in‘  calm  wea-  . 
ther,  and  a-crofs  the  edges  of  the  floop  to  place 
a  little  wooden  axis  fitted  to  turn  readily,  at  each 
end,  whereof  may  be  a  little  turn-pike  whofe 
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arms  to  enter  5  or  6  inches  in  the  water,  between 
the  2  contrary  motions  of  the  fea,  it  will  be  eafy 
to  obferve  whether  this  machine  do  not  remain 
fome  time,  without  turning,  and  in  cafe  it  do, 
how  long  fuch  ceflation  continues. 

Ill,  On  the  continuation  of  motion  5  tranfatei 

by  Mr,  Chambers. 

The  firft  notions  of  phyficks,  for  inftance,  the 
efience  of  matter,  and  the  nature  of  motion,  tho* 
the  moft  fimple  in  themfelves,  are  not  yet  the 
cleareft,  and  thofe  principals  which  it  feems  ought 
to  be  perfe(5lly  known  before  we  go  farther,  re¬ 
mains  ftill  in  great  meafure  unknown,  and  we 
advance  rieverthelefs. 

Why  a  ftone  thrown  upwards  by  a  hand,  con¬ 
tinues  to  move  after  the  hand  has  quitted  it,  is  no 
eafy  queftion,  and  perhaps  may  be  longer  e’er  it 
be  folved,  than  the  caufe  of  the  ebbing  and  flow¬ 
ing  of  the  tide. 

Defcartes  maintains,  that  motion  is  a  kind  of 
being,  which  by  its  nature  fliould  always  continue 
as  we-ll  as  reft,  and  that  the  ftone  once  put  in  mo¬ 
tion,  would  always  perfift  therein,  if  it  did  not 
_  communicate  its  motion  to  other  bodies  it  meets 
withal,  and  ceas’d  at  length  to  have  any  motion 
itfelf,  by  this  continual  communication  of  it  to 
others. 

An  author  whofe  diflertation  on  the  fubjeft  is 
printed  in  the  memoirs  of  "Trevoux^  difapproves 
this  fyftem  ofM.  Defcaries^  and  after  combating 
it  very  ingenioufly,  fubftitutes  another  in  its  place. 

He  alledges,  that  at  the  time  when  the  hand 
moves,  and  raifes  itfelf  with  the  ftone,  a  column 
of  air  defcends  to  take  the  place  of  the  lifted 
hand,  that  the  motion  of  this  defcending  column 
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muft  be  accelerated  like  that  of  all  other  bodies, 
that  this  acceleration  of  motion,  continues  after 
the  caufe  of  the  motion  has  ceas’d  ading,  and 
confequently,  that  the  ftone  when  it  has  quitted 
the  hand,  continues  rifing  not  by  vertue  of  its 
being  impell’d  by  the  hand,  but  by  the  reafon 
the  air  which  takes  its  place  continues  to  defcend. 

But  M.  de  la  Hire  hereupon  obferved,  that  a 
heavy  body  only  weighs  in  a  fluid  it  floats  in,  by 
reafon  fuch  fluid  is  lighter  than  the  body,  con¬ 
fequently  that  a  mafs  of  air  does  not  weigh  in 
air  of  the  fame  nature,  that  if  it  move  and  fall 
therein  ’tis  by  the  impulfe  ©f  fome  foreign  power  *, 
that  it  is  no  fooner  abandon’d  thereby  than  it 
ceafes  to  move  ;  and  laftly,  that  there  is  no  room 
for  acceleration,  fince  it  is  not  the  weight  that 
ads. 

M.  Parent  likewife  attack’d  the  new  fyftem, 
by  ^a  great  number  of  difficulties,  which  arife 
from  it.  What  for  inftance  fliould  be  the  caufe 
of  horizontal  motion,  fince  here  is  no  acceleration 
of  falling  air  ?  and  why,  when  the  motion  is 
both  horizontal  and  circular,  as  when  a  bowl, 
faften’d  to  a  horizontal  rod,  is  flruck  perpen¬ 
dicularly  to  the  rod,  why  here  does  the  bowl 
turn  round,  fince  the  air  is  not  moved  circularly, 
but  only  in  a  right  line  ;  if  the  ball  come  of 
the  rod  it  would  continue  moving  according  to 
the  tangent,  to  the  point  of  the  circular  circumfe¬ 
rence  where  it  was  then  found  did  the  air  deferibe 
this  tangent  or  rather  all  the  poffible  tangents,  in 
which  the  bowl  would  continue  moving  if  it 
came  off,  and  what  ffiould  be  the  caufe  of  re- 
fledion  on  this  hypothefis  ?  The  air  you  will 
fay,  which  goes  before  the  moving  body,  being 
refleded  upon  meeting  the  obffacle,  carries  the 
body  back  with  it  j  but  if  the  obflacle  were 

removed 
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removed  as  foon  as  the  air  has  made  its  impulfe, 
ere  the  body  be  arrived,  would  it  be  refleded  not* 
withftanding  ? 

IV.  Of  an  extraordinary  fort  of  ants  in 

Surinam. 

M.  Homherg  received  a  letter  dated  Jan,  24. 
1701,  from  Paramaribo^  a  Butch  fettlement  in 
the  province  of  Surinam^  on  the  N.  coaft  of  S. 
America.  This  letter  relates,  that  there  are  in 
that  country  a  fort  of  ants,  which  are  called  by 
the  Portugueze  vijiting  ants^  and  with  good  rea- 
fon.  They  march  in  troops,  and  like  a  great 
army.  When  they  fee  them  appear,  they  open 
all  the  boxes  and  cabinets  in  their  houfes  ;  they 
enter  and  extirpate  rats,  mice,  cackerlacs.,  which 
are  infedls  of  the  country,  and  in  Ihort,  all  the 
noxious  animals,  as  if  they  had  a  particular  mif- 
fion  from  nature,  to  punifh  them  and  deliver  men 
from  them.  If  any  one  is  ungrateful  enough  to 
anger  them,  they  fall  upon  him,  and  tear  in  pieces 
his  fhoes  and  (lockings.  The  misfortune  is,  that 
they  do  not  make  their  proceflions  often  enough. 
They  would  be  glad  to  fee  them  every  month,  and 
they  are  fometimes  three  years  without  appearing. 

V.  Of  a  black  fand  found  in  Italy. 

M.  Geoffroy  being  in  Italy  obferved  a  black 
fand,  which  they  commonly  ufe  for  writing.  It 
is  very  much  mixed  with  little  flat,  and  fhining 
particles,  like  enamel,  all  the  others  which  com- 
pofe  it  are  without  any  glofs.  In  putting  fome  of 
this  fand  near  a  loadftone,  Geoffroy  that 
it  had  only  the  little  obfeure  particles  which  fixed 
themfelves  to  it ;  from  which  he  judges,  that  they 
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are  iron  or  loadftone  ;  but  he  is  fure  they  are  not 
loadftone,  becaufe  iron  does  not  draw  them  at  all. 
As  for  the  fhining  particles,  he  believes  them  to 
be  a  black  talky  powder,  and  indeed  they  find 
talc  in  many  places  in  Italy  ;  and  M.  Geoffroy  has 
obferved,  that  about  Rome^  when  the  fun  begins 
to  appear  after  rain,  all  thefe  little  atoms  of  talc, 
which  have  juft  been  wafhed,  glitter,  and  have  a 
very  agreeable  effedb. 

The  ferruginous  particles  of  the  black  fand 
thrown  into  the  fire,  do  not  flame  at  all,  as  file- 
ings  of  iron  do.  This  comes  from  their  being 
half  vitrified,  and  cloathed  with  a  very  earthy 
bitumen,  which  ferves  them  for  a  varnifh,  and 
defends  them  from  the  adfion  of  the  fire. 

The  great  quantity  of  black  fand  which  they 
find  in  Italy^  is  upon  the  furface  of  the  earth  as  a 
fort  of  indication  of  its  compofition  within,  and 
the  volcanos  which  make  fuch  ravages  there,  de¬ 
pend  on  the  fame  caufe  with  thefe  ferruginous 
particles,  mixed  with  a  little  bitumen,  and  half 
vitrified. 

VI.  Of  ajiother  fort  of  fand^  found  on  the 
mountain  of  Pcfaro,  which  being  'ciewed 
by  the  mi  cr  of  cope  appears  like  precious 
jlones. 

Another  fand  heaped  upon  the  mountain  of  Pe- 
Jaro^  crew  alfo  the  curiofity  of  M.  Geoffroy.  It 
is  by  i<-s  extreme  hardnefs  very  fit  for  working 
perfpediive-glaftes,  for  it  refifts  a  great  while  at 
this  work,  whereas  the  other  fand  turns  very 
foon  to  a  powder  fo  fine,  that  it  does  not  grind 
any  longer  upon  the  glafs,  and  they  are  obliged 
to  change  it  very  often.  This  fand  of  Pefaro  is 
mixed  with  little  particles,  fome  as  clear  as  cryf- 
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tal,  others  as  green  as  emeralds,  others  like  amc- 
thyfts,  topazes  and  jacinths ;  and  when  we  view 
this  dull  with  a  microfcope,  it  is  a  furprizing  col- 
Icdlion  of  precious  ftones.  There  is  however  a 
confiderable  quantity  of  particles  of  iron,  as  in 
the  black  fand  of  Rome, 

VII.  Of  the  fatal  effects  of  the  damps  in  a 

well  at  Rennes. 

There  is  in  the  city  of  Rennes^  near  the  gate 
Morlaix^  a  well  made  three  or  four  years  ago, 
into  which  a  mafon  let  fall  his  hammer.  A  la¬ 
bourer,  who  would  fetch  it  up  again,  going 
down,  was  fuffocated  in  approaching  to  the  wa¬ 
ter.  A  fecond,  who  went  thither  to  draw  up  the 
dead  body,  had  the  fame  fate  *,  and  like  wife  a 
third.  At  laft,  they  let  down  a  fourth,  half 
drunk,  and  well  tied,  whom  they  had  charged  to 
cry  as  foon  as  he  perceived  any  diforder.  He 
cried  as  foon  as  he  was  near  the  water,  and  they 
drew  him  up  quickly ;  but  he  died  three  days 
after.  They  let  down  a  dog,  which  cried  at  the 
fame  place,  and  died  three  days  after  having  been 
drawn  up.  When  they  threw  water  upon  the  dog 
while  it  was  dying,  he  recovered,  like  thofe  which 
.  are  thrown  into  the  famous  Grotti  di  Cane  near 
Naples,  The  three  bodies  were  drawn  up  with 
hooks  and  opened  ;  but  they  could  not  find  any 
caufe  of  their  death.  What  is  very  furprizing  is, 
that  this  is  not  new  ftirred  earth,  which  is  the 
caufe  of  thefe  fatal  accidents  ;  and  that  they  drink 
every  day  the  water  of  this  well  without  incon- 
veniency.  F.  Louvard^  a  benedidlin  of  the  abbey 
of  St.  Denys^  received  this  account  from  Rennesy 
and  communicated  it  to  M.  Varignon, 
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VIIL  An  improvement  in  the  art  of  dialling. 

When  we  make  a  dial,  we  muft  begin  by  find¬ 
ing  what  the  pofition  of  the  plane  is,  for  example, 
of  the  wall  where  we  would  make  it,  with  regard 
to  the  fun,  and  the  principal  circles  of  the  heavens. 
At  firft:  the  compafs  prefents  itfelf  for  this  ufe ; 
but  experience  foon  undeceives  us.  The  iron 
which  is  almoft  every  where  in  buildings  turns  the 
magnetick  needle  irregularly,  and  gives  it  ano¬ 
ther  declination  than  that  which  we  know  it  ought 
to  have,  and  upon  which  we  reckon  ;  and  if  it  had 
only  its  natural  declination,  the  compafs  is  too 
fmall  an  inftrument,  to  give  exa6lly  the  divi- 
fions  and  the  parts  of  a  degree,  which  will  be 
necefiary  to  the  juftnefs  of  the  operation. 

We  had  then  recourfe  to  2  or  3  points  of  fiia- 
dow  taken  upon  the  plane  of  the  dial.  They  ferve 
to  determine  the  pofition  of  it,  and  to  find  after¬ 
wards  by  the  theory  of  gnomonicks  all  the  lines 
that  we  would  reprefent.  It  is  upon  them  that 
all  the  juftnefs  of  the  dial  depends.  They  are 
taken  in  the  fame  day  at  3  or  4  hours  from  one 
another.  They  mufl  be  taken  as  difiant  as  pof- 
fible,  becaiife  all  the  other  points,  and  the  inter¬ 
mediate  lines  are  afterward  more  difintangled. 

To  have  thefe  points  as  difiant  as  they  can, 
there  muft  be  two  things  :  i.  They  muft  be  taken 
in  the  folftices,  or  within  10  or  12  days  of  them 
at  moft,  becaufe  the  farther  the  fun  is  diftant  from 
the  equator,  which  is  commonly  reprefented  upon 
the  dial  by  a  right  line,  the  more  the  lines  which 
reprefent  the  circles  parallel  to  the  equator,  are 
fenfibly  curves,  and  confequently  their  points 
which  anlwer  to  the  fame  hours,  are  fiirther  dif- 
rant  from  one  another. 
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2.  The  ftile  muft  be  long,  for  the  fhadow  of  its 
extremity  makes  fo  much  the  more  way,  and  the 
points  which  mark  the  fame  hours  are  much  far¬ 
ther  diftant. 

But  the  feafon  of  the  folftices,  and  the  length  of 
the  ftile,  have  their  inconveniences. 

It  is  very  troublefome  to  work  in  the  air  in 
either  folftice.  The  fun  does  not  often  appear 
long  enough,  or  often  enough  in  a  day  ;  and  in¬ 
deed  it  is  a  great  confinement  to  have  but  thele 
two  very  ftiort  times  to  make  a  good  dial  in. 

It  is  exadtly  the  extremity  of  the  ftiadow  of  the 
ftile  that  muft  be  had,  that  is,  the  ftiadow  of  a 
fingle  point.  But  it  is  very  difficult  to  have  it 
exadtly,  becaufe  the  extremities  of  a  lhadow  are 
always  ill  terminated,  and  uncertain,  and  befides 
light  has  a  certain  trembling,  which  becomes 
more  fenfible  at  the  extremity  of  the  ftiadow  of  a 
greater  body.  Therefore  the  late  M.  Picardy  and 
M.  de  la  Hire  have  each  invented  a  different 
plate,  to  take  more  exadly  the  end  of  the 
ftiadow  of  the  ftile.  The  defcription  of  it  may 
be  feen  in  M.  de  la  Hire's  treatife  of  gnomo- 
nicks,  printed  in  1698. 

But  however  ingenious  thefe  methods  may  be, 
M.  Parent  has  obferved,  that  with  their  help,  it 
is  yet  difficult  to  have  the  ftiadow  of  the  end  of 
the  ftile  very  juft,  and  he  has  thought  of  another 
method,  which  gives  this  ftiadow  very  cxadlly, 
and  at  the  fame  time  renders  the  conftruflion  of 
the  dial  independant  of  the  folftice.  Befides,  the 
points  of  ftiadow,  which  by  the  common  method 
are  obliged  to  be  taken  in  the  finie  day,  may  be 
taken  at  very  diftant  times,  even  at  fix  months. 

*  M.  Parent's  method  confifts  in  the  ufe  of  an 
inftrument  DBHFG,  which  is  a  kind  of  frame, 

*  Plate  XV.  Fig.  i. 
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of  which  the  two  fides  BH,  FG,  are  ftrongly 
joined  and  parallel  between  themfelves.  FG  muft 
be  about  two  feet  long,  and  there  put  a  telefcope 
which  has  two  threads  croflfed  at  its  focus.  Upon 
the  fide  HBD,  in  its  whole  length  BD,  it  mull 
have  at  the  face  oppofite  to  the  telefcope  a  groove, 
exadlly  parallel  to  the  axis  of  the  telefcope.  BD 
muft  end  in  a  point  D,  which  muft  be  in  a  right 
line  with  the  groove. 

Choofe  in  the  night  any  fixed  ftar.  The  ob- 
ferver  fees  it  with  the  telefcope  FG,  and  at  the 
fame  time  carries  the  inftrument  DBHFG  upon 
his  flioulder,  the  fide  HBD  being  that  which 
lies  upon  the  Ihoulder,  which  determines  the  dif- 
tance  of  two  parallel  fides  of  the  inftrument  to  be 
only  one  foot  at  moft.  The  obferver  muft  have 
engaged  in  the  groove  the  end  of  the  ftile  that  he 
defigns  for  the  dial,  and  at  the  fame  time  turn  his 
back  to  the  wall  where  he  would  draw  it.  Con- 
fequently  the  point  D  will  be  in  the  air,  and  in 
this  fituation,  not  lofing  fight  of  the  ftar,  which 
he  fees  at  the  interfecftion  ot  the  threads,  he  walks 
by  degrees  backward  toward  the  wall,  till  he 
ftrikes  it  with  the  point  D.  It  is  vifible,  by  the 
conftru6lion  of  the  inftrument,  and  by  the  nature 
of  the  operation,  that  this  point  D  marked  upon 
the  wall,  is  the  very  exad  extremity  of  a  ray 
condudted  from  the  ftar  to  the  wall  by  the  end  of 
the  ftile,  and  we  fee  at  the  fame  time  by  this  prac¬ 
tice  what  are  the  principal  attentions  required, 
both  by  the  conftrucftion  of  the  inftrument  and 
the  operation. 

In  like  manner  we  take  a  fecond  or  third  point 
of  fhadow  of  the  fime  ftar,  but  at  as  diftant 
hours  as  we  can.  It  does  not  in  the  leaft  fignify 
that  it  be  in  the  fame  night,  becaufe  the  motion 
of  the  fixed  ftars  being  very  flow,  in  proportion 

to 
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to  that  of  the  fun,  we  fhall  find  it  again  at  the 
end  of  fix  months,  in  the  fame  fenfible  pofition, 
whereas  we  fhall  not  find  the  fun  again  from 
one  day  to  another. 

The  ftar  muft  be  taken  as  near  the  equator 
as  it  can  5  it  is  plain  that  the  points  of  fhadow 
at  different  hours  will  be  mofl  diftant. 

To  be  more  fure  of  the  operation,  you  may 
take  with  different  ftars  the  points  of  lhadow 
that  you  have  occafion  for.  If  the  lines  that  are 
to  be  drawn  by  the  means  of  thefe  points,  are 
found  to  be  the  fame  in  ufing  the  points  of  dif¬ 
ferent  ftars,  the  operation  has  been  made  with 
all  poffible  juflnefs.  If  they  are  not  the  fame, 
there  muft  be  others  drawn  which  keep  exacdily 
the  middle. 

In  adding  to  the  inftrument  upon  BD,  a  groove 
oppofite  and  parallel  to  that  which  is  abfolutely 
neceffary,  we  fhall  put  it  in  a  ftate  of  proving 
itfelf.  For  you  may  turn  it  upon  the  two  oppo¬ 
fite  faces  of  the  fide  BD,  and  in  thefe  two  fitu- 
ations  fee  the  fame  ftar,  the  end  of  the  ftile  be¬ 
ing  always  engaged  in  one  or  other  of  the  grooves. 
And  if  you  find  always  the  fame  point  upon  the 
wall,  the  two  fides  HBD,  GF,  are  in  an  exad 
parallelifm,  which  is  all  the  perfedion  of  the 
inftrument. 

To  this  new  invention,  which  is  only  for  the 
pradiceof  dials,  M.  Parent  has  added  two  others 
which  regard  the  theory. 

There  is  a  portable  dial  very  ingenious,  and 
very  ufual  in  compaffes,  invented  by  M.  de 
Vaulefard.  It  is  an  azimuthal  one  joined  with  a 
horizontal.  It  has  very  great  advantages,  but  it 
is  always  determined  to  a  certain  height  of  the 
pole,  and  is  ufelefs  out  of  that,  M.  Parent 
having  ftudied  a  great  while  to  remove  this 
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fault,  and  to  render  it  univerfal,  is  at  length  ar¬ 
rived  at  it.  M.  Parentis  new  dial  has  alfo  the 
convenience  of  not  having  need  of  any  foreign 
meridian,  and  to  find  out  the  eaft  itfelf. 

But  it  is  true  that  it  is  charged  with  a  great 
number  of  lines,  of  which  many  are  curves,  and 
difficult  to  defcribe.  M.  Parent  has  therefore 
thought  of  another,  which  preferves  all  the  ad¬ 
vantages  of  the  firfi:,  is  univerfal  and  finds  the 
eaft  itfelf,  and  with  all  this  is  only  redtilineal. 

VIII.  On  the  pojition  of  the  axis  of  wmdmillsy 
with  regard  to  the  wind. 

A  windmill,  confidering  merely  the  4  fails 
which  turn  by  the  impulfe  which  they  receive 
from  the  wind,  is  a  more  ingenious  machine, 
depending  upon  much  finer  principles  than  we 
think,  and  whoever  fhall  reflect:  upon  them  for 
the  firft  time,  will  fee  that  it  is  not  very  eafy  to 
fay  why  the  mill  turns. 

In  order  to  this,  we  muft  fuppofe  the  theory 
of  compound  motions.  A  body  which  moves 
perpendicularly  againft  any  furface,  ftrikes  it 
with  all  the  force  that  is  in  it ;  if  it  moves  pa¬ 
rallel  to  this  furfice,  it  does  not  ftrike  it  at  all ; 
in  fine,  if  it  moves  and  meets  it  obliquely,  this 
motion  which  partakes  both  of  the  perpendicular 
and  the  parallel,  and  is  compounded  of  them, 
has  no  effedl  upon  the  furface,  but  fo  far  as  it  is 
perpendicular,  and  according  to  the  proportion 
of  what  perpendicularity  it  has  to  what  it  has  of 
parallel ifm,  and  drives  the  furface  only  according 
to  the  perpendicular  diredtion,  which  enters  into 
its  compofition.  Thus  every  oblique  diredion 
of  a  motion,  is  the  diagonal  of  a  parallelogram, 
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of  which  the  perpendicular  and  parallel  diredlions 
are  the  two  fides. 

Again,  when  a  furface,  which  being  obliquely 
flruck,  has  received  only  the  perpendicular  im- 
preflion,  is  faftened  to  fome  other  body,  in  fuch  a 
manner  that  it  cannot  follow  this  perpendicular 
diredlion,  but  fome  other  which  approaches  more 
or  lefs  to  it,  then  the  perpendicular  itfelf  becomes 
the  diagonal  of  a  new  parallelogram,  one  of 
whofe  fides  is  the  direction,  that  the  furface 
{truck  may  follow,  and  the  other  fide  that  which 
it  cannot  follow.  Thus,  when  a  rudder  faftened 
obliquely  to  the  keel  of  a  veftel,  is  ftruck  by 
the  current  of  water  parallel  to  this  keel,  and 
confequently  it  is  ftruck  obliquely  by  it,  we  fee 
that  in  drawing  upon  the  furface  the  line  of  the 
perpendicular  impreftion,  that  it  tends  to  dif- 
engage  itfelf  from  the  keel,  and  to  get  from  it, 
and  that  thisdireftion  perpendicular  to  the  rudder, 
is  oblique  to  the  keel.  It  would  get  from  it  then 
by  an  oblique  motion:  but  as  it  cannot  difengage  it 
felf,nor  confequently  get  from  it,  it  muft  only  take, 
in  this  oblique  motion,  that  of  the  two  dired;ions 
which  compofe  it,  by  which  it  may  be  moved 
without  getting  from  the  keel,  and  leave  as  ufelefs 
that  which  would  have  removed  it.  Now  the 
diredion,  according  to  which  it  may  move  with¬ 
out  getting  from  the  keel,  is  that  which  makes 
it  move  circularly  about  its  extremity  as  a  centre  *, 
then  all  the  effect  of  the  oblique  ftroke  of  the 
water  upon  the  rudder  is  reduced  at  firft  to-  a  per¬ 
pendicular  imprefTion,  which  is  again  reduced  to 
make  the  rudder  turn,  or,  if  the  rudder  is  im¬ 
moveable,  to  make  the  veftel  turn. 

In  an  oblique  and  compound  motion,  where 
only  one  of  the  directions  is  ufeful,  the  greater 
ratio  the  other  has  to  it,  the  lefs  efteCl  will  the 
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motion  have,  and  on  the  contrary.  In  examining  the 
compound  motions  of  the  rudder,  we  fee  that  the 
more  oblique  it  is  to  the  keel»  the  raiio  of  the 
diredlion,  which  ferves  to  turn  it  on  the  other,  is 
the  greater ;  but,  on  the  other  fide,  the  more 
oblique  it  is  to  the  keel,  and  confequently  to  the 
courfe  of  the  water,  which  is  fuppofed  to  be  pa¬ 
rallel  to  it,  the  weaker  it  is  (truck.  The  obli¬ 
quity  of  the  rudder  has  then  at  the  fame  time  an 
advantage  and  a  difad  vantage :  but  as  they  are  not 
equal,  and  as  each  of  them  is  always  varying  with 
every  different  pofition  of  the  rudder,  they  are 
differently  complicated ;  fo  that  it  is  fometimes 
,one,  and  fometimes  the  other  which  prevails,  and 
'  that  more  or  lefs  ;  it  has  been  a  queftion  to  find 
the  pofition  of  the  rudder,  where  the  advantage 
fhould  be  greater  than  in  any  other  pofition.  M. 
Renau^  in  his  famous  theory  of  the  working  of 
fhips,  has  found,  that  the  rudder,  to  be  in  its 
beft  fituation,  muff  make  an  angle  of  almoft  55 
degrees  with  the  keel. 

If  a  windmill,  expofed  diredfly  to  the  wind, 
fhould  have  its  four  fails  perpendicular  to  the  com¬ 
mon  axis  to  which  they  are  fitted,  they  would 
receive  the  wind  perpendicularly,  and  it  is  vifible 
that  this  impreffion  would  tend  only  to  overturn 
them.  It  was  therefore  neceffiry  to  make  them 
oblique  to  their  common  axis^  that  they  might  re¬ 
ceive  the  wind  obliquely.  Let  us  confideronly  one 
vertical  fall.  The  oblique  impreffion  of  the  wind 
upon  this  fail  is  reducible  to  a  perpendicular  direc¬ 
tion.  This  diredfion,  which  cannot  be  intirely  fol¬ 
lowed  by  the  fiil,  is  compofed  of  two,  one  of  which 
tends  to  make  it  turn  upon  the  axis,  and  the  other 
to  fall  backwards.  But  only  this  firfl:  direction  can 
be  followed,  and  confequently  all  the  impulfe  of 
the  wind  upon  the  fail  has  no  other  effed’,  than 
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to  make  it  turn  from  right  to  left,  or  from  left  to 
right,  according  as  its  acute  angle  turns  either 
way.  And  the  invention  of  this  machine  is  fo 
happy,  that  by  the  fame  reafons  the  other  three 
fails  are  determined  to  turn  the  fame  way. 

The  obliquity  of  the  fails  with  relpedt  to  their 
axis^  has  exadiily  the  fame  advantage  and  difad- 
vantage,  with  the  obliquity  of  the  rudder  to  the 
keel ;  and  M.  Parent  having  ftudied  by  the  ana- 
lyfis  the  moft  advantageous  inclination  of  the 
fails  upon  the  axis^  found  it  to  be  exadlly  the 
fame  angle  of  almoft  55  degrees.  Probably  the 
experience  of  thofe  who  have  invented  mills 
made  them  find  this  angle  after  long  trying  : 
but  as  experience  teaches  us,  that  thefe  common 
and  grofs  pradlices  are  by  no  means  infallible, 
and  that  they  often  are  wide  of  the  mark,  it  is 
well  to  examine  them  by  geometry,  and  be  affured 
if  what  we  do  is  the  beft  that  can  be  done. 

M.  Parent  has  even  fearched  if  there  was  no¬ 
thing  to  correal  in  the  common  pradlice  of  putting 
the  axis  of  the  mill  exa6lly  in  the  dire(ftion  of 
the  wind.  Thefe  are  not  eafy  inquiries.  We 
muft  find,  by  mechanicks,  the  proportion  of  all 
the  different  forces,  which  enter  into  the  motion 
of  a  machine,  according  to  all  its  different  difpo- 
fitions  poffible,  and  having  given  them  algebraic 
or  analytic  expreffions,  we  muff:  by  the  fame 
analyfis  find  of  all  thefe  expreffions  that  which  de¬ 
termines  the  greatefl  force.  By  this  learned  cir¬ 
cuit,  yi.  Parent  has  arrived  only  to  juftify  the 
common  practice.  The  axis  of  the  mill  muff:  be 
put  in  the  diredlion  of  the  wind  *,  and  they  were 
put  fo  before  we  were  fure  that  it  was  right. 
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TH  E  objeflions,  which  feme  gentlemen  of 
the  academy  have  made  to  my  difcovery  of 
the  light  of  the  barometer,  have  been  the  occa- 
iion  of  my  making  a  new  one,  of  much  greater 
importance  and  curiofity :  it  confifts  in  making 
of  the  quickfilver  a  portable  and  perpetual  phop 
phorus^  which  I  can  carry  about,  and  fend  con¬ 
veniently  and  without  danger  wherefoever  I  will, 
and  at  all  times  ;  for  it  will  lait  for  ever,  and  yet 
its  light,  to  the  (lreng;th  of  which  that  of  the  ba- 
rometer  is  not  to  be  compared,  never  diminifhes. 
As  this  difcovery,  tho’  very  eafy,  as  you  will  fee 
hereafter,  has  been  drawn  from  the  principles  by 
which  I  have  believed,  and  ffill  believe,  that  I 
have  explained  the  light  of  the  barometer.  I  am 
verily  perfuaded,  that  I  am  not  fo  much  miffaken 
in  my  judgment,  as  you  may  perhaps  think,  with 
thofe  gentlemen,  who  attribute  the  light  of  my 
barometer  to  the  nature  of  my  own  quickfilver  *, 
for  you  fiid  not  a  word  upon  the  explication  which 
J  have  given  ;  it  is  apparent,  that  you  have  ta¬ 
ken  it  for  a  conceit,  feeing  that  my  experiment 
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done  again  by  fome  of  your  gentlemen,  had  not 
the  wifhed  luccefs  ;  and  that  on  the  contrary, 
the  barometer  of  M.  le  Marechal  de  Filler oy^  that 
my  Lord  Portland  gave  him,  produced  light  even 
after  having  been  filled  with  his  quickfilver  in  the 
common  manner.  Thefe  are  objedtions  I  own, 
which  feem  to  deftroy  all  my  reafonings.  I  ought 
then  to  anfwer  them,  if  I  would  fupport  my  in¬ 
vention  :  but  what  fhould  I  fay,  if  I  had  been 
prefent  at  thefe  experiments  :  I  fhould  perhaps 
have  taken  notice  of  a  hundred  circumftances,,  in^ 
which  they  had  not  well  obferved  my  method  of 
filling  the  tube :  for  example,  the  rlianner  of 
filling  it  by  the  means  of  a  leathern  purfe,  which 
you  fay  is  equivalent  to  mine,  has  however  this 
difference,  that  here  it  is  the  quickfilver  that  muft 
drive  the  air  before  it,  which  in  making  fome 
little  refinance,  may  let  fome  little  remains  or 
bubbles  of  air  fix  themfelves  to  the  fide  of  the 
glafs,  which  will  already  fuffice  to  engender  the 
pellicle  of  the  quickfilver,  which  I  have  faid  hin¬ 
ders  the  light  *,  whereas  by  the  fudlion  it  is  the 
outward  air,  which  drives  the  quickfilver  up,  and 
v/hich  confequently  only  follows  the  motion  of  the 
air  within,  which  by  its  rarefadlion  goes  out  of 
the  tube,  as  I  may  fay,  voluntraaly.  It  is  not 
that  I  would  abfclutely  difapprove  this  manner  of 
filling  the  barometer  by  the  means  of  a  leathern 
purfe,  I  imagine  it  nnuft  be  proper  enough 
for  the  exciting  of  the  light.  This  is  then  ano¬ 
ther  fault  in  the  circumilances  ;  it  may  be  that  the 
tube  which  they  ufed  was  not  dry  nor  clean 
enough  *,  for  the  leaft  moifture  or  greafe  hinders 
the  appearance  of  the  light.  This  tube  was  alfo 
too  {lender,  not  being,  as  you  fay,  above  a  line 
and  half  diameter  within  *,  the  largeft  tubes  are 
the  befl  for  this  purpofe,  as  I  have  known  by 
I  expe- 


'264  7heili^Tov.Y  andyiEUQii^^of  the 

experience.  The  reafon  of  it  is  evident ;  for  be- 
fides,  that  the  quickfilver  in  a  large  tube  balances 
more  freely  than  in  a  narrow  one,  where  the 
fridfion  of  the  quickfilver  againft  the  glafs  leflens 
the  quicknefs  of  the  defcent ;  the  pellicle  which 
covers  the  quickfilver,  if  it  makes  any,  muft  be 
more  thick  in  a  narrow  tube  than  in  a  wide  one, 
becaufe  not  being  able  to  extend  itfelf  in  breadth, 
it  thickens  in  height. 

As  for  the  other  experiment,  I  queftion  whe¬ 
ther  they  were  able  to  fill  the  tube  of  quickfilver 
with  the  mouth  as  I  do,  without  fuffering  a  little 
breath  or  fpittle  to  get  in,  it  being  very  difficult  to 
hinder  it,  feeing  others  have  not  fucceeded  there¬ 
in.  It  requires  a  particular  dexterity ;  for  my 
partjit  is  not  difficult  for  me  to  do  it, being  able  be- 
fides  by  a  fort  of  habit  to  draw  with  my  mouth  out 
of  a  little  receiver  f  of  the  air  which  it  contains 
fo  that  there  remains  only  |  part,  and  without 
ftraining  myfelf  too  much.  I  have  yet  other  con- 
jedlures,  which  make  me  fufpedt  the  experiments 
you  mention  ,  but  as  I  was  not  prefen t,  I  can  fay 
nothing  for  certain :  I  hope'neverthelefs,  that  if 
the  gentlemen  will  make  a  fecond  trial  of  my  ex¬ 
periment,  in  obferving  well  what  I  have  juft  now 
faid,  they  will  have  better  fuccefs.  But  I  had 
rather  that  they  would  do  it  at  night  than  in  the 
day,  altho’  in  the  dark  ;  for  you  know,  that  if 
in  the  day  one  goes  fuddenly  into  a  dark  place, 
the  eyes  being  dazzled  with  the  too  great  bright- 
nefs  of  the  day,  do  not  fo  well  perceive  a  faint 
light,  fuch  as  is  that  of  the  barometer,  tho’  other- 
wife  it  mav  be  brifl^  enough  in  the  night. 

M.  Filler barometer,  which  you  fay 
made  the  light,  after  having  been  filled  in  the 
common  way,  throws  me  I  own  into  fome  diffi¬ 
culty  t  but  I  fliould  have  been  glad  to  have  feen 
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it  filled ;  and  then  I  do  not  doubt  but  that  I 
fhould  have  been  able  to  find  fome  anfwer  •,  per¬ 
haps  when  they  threw  in  the  quickfilver,  they 
held  the  tube  very  obliquely  to  the  horizon,  to 
let  the  drops  of  quickfilver  run  foftly,  as  in  a 
channel,  which  muft  have  hindered  the  air  from 
affecting  it  fo  much  as  it  would  have  done,  if 
they  had  let  the  drops  fall  in  vertically  with  im- 
petuofity.  In  effect,  after  having  filled  a  -tube  in 
this  manner  with  my  quickfilver,  I  have  perceived 
the  light  more  than  ordinary  ;  but  always  much 
Jefs  than  by  the  manner  of  fu(ftion,  or  of  the  air- 
pump.  In  all  cafes,  why  may  I  not  fay,  that 
the  quickfilver  of  M.  de  Villeroy  is  fo  exceeding 
well  purified,  that  there  is  no  more  heterogenous 
matter  of  which  the  conta61:  of  the  air  can  form 
a  pellicle ;  and  thus  my  manner  of  explaining  the 
caufe  of  the  light  of  the  barometer,  will  be  rather 
confirmed  than  deflroyed, 

Befides,  if  my  explanation  was  not  the  true 
one,  and  it  was  to  the  particular  nature  of  the 
quickfilver,  and  not  to  the  manner  of  my  having 
filled  the  tube,  that  the  produ6lion  of  the  light 
fhould  be  afcribed,  pray  tell  me,  why  my  ordi¬ 
nary  barometer  filled  in  the  common  manner,  al- 
tho’  very  much  lhaken,  makes  little  or  no  light  *, 
whereas  the  other  tubes,  filled  in  my  manner 
with  the  fame  quickfilver,  make  an  excellent 
light  with  the  leaft  balancing?  I  made  again 
for  the  fecond  time,  many  experiments  upon  it, 
as  foon  as  I  received  your  letter.  And  to  con¬ 
vince  myfelf  entirely,  that  this  light  was  not  the 
effed:  of  a  fingular  property  of  my  quickfilver, 
which  all  other  has  not,  I  borrowed  fome  other, 
with  which  I  made  the  fame  experiments  again, 
and  with  the  fame  fuccefs  as  with  my  own.  Now 
it  is  morally  impofTible,  that  the  fecond  quick- 
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niver  fliould  be  exactly  of  the  fame  nature  with 
my  firft  j  fince,  as  they  pretend,  it  muft  be  of  fo 
extraordinary  a  quality,  that  among  a  hundred 
forts  of  qulckfilver,  they  (hall  not  perhaps  find 
one  which  makes  a  like  elfedt. 

To  come  now  to  the  difcovery  of  my  new 
fhofphorus^  I  thought  that  one  of  the  principal 
reafons,  by  which  the  pellicle  hindered  the  ap¬ 
pearance  of  the  light  in  the  barometer,  might  be 
the  two  great  uniform  iiy  of  the  motion  of  the 
quickfilver  in  fo  uniform  a  tube.  For  in  rifing 
and  falling  thus  the  length  of  a  cylindrical  tube, 
its  pellicle  muft  never  change  its  thicknefs,  nor 
break,  but  on  the  contrary,  remain  always  fixed 
to  the  upper  furftce,  with  which  it  rifes  and  falls 
without  ever  quitting  it  ;  in  fuch  a  manner,  that 
it  makes  no  opening,  by  which  the  matter  of  the 
firft  element,  as  I  call  it  with  M.  Defcartes^ 
may  get  out  of  the  pores  of  the  quickfilver,  after 
the  manner  mentioned  in  my  laft  letter.  But  it 
being  fo  difficult  to  avoid  this  pellicle  in  a  full 
barometer,  even  according  to  my  manner,  I  conr 
elude,  that  notwithftanding  this  pellicle,  provided 
it  is  not  too  thick,  the  like  muft  always  ap¬ 
pear,  if  by  any  means  I  could  make  it  burft, 
or  difperfe  in  pieces  by  the  motion  of  the  quick¬ 
filver,  which  makes  me  judge  that  nothing  would 
be  more  proper  for  this  purpofe,  than  a  very  violent, 
irregular,  and  not  uniform  motion  of  the  quick¬ 
filver,  inclofed  in  a  glafs  a  little  bigger,  and  of 
an  unequal  figure,  from  which  the  air  has  been 
emptied  as  well  as  poffible.  This  reafoning  was 
confirmed  by  the  following  lucky  experiment, 
which  makes  the  fubject  of  my  difcovery. 

1  took  a  clean  fair  phial,  which  held  about 
half  a  pint,  and  ftrong  enough  to  fuftain  the  agi¬ 
tation  of  the  quickfilver  j  I  put  into  it  5  or  6 
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ounces  of  quickfilver  well  purified  ;  after  that,  I 
cemented  on  the  neck  of  the  phial  with  great  ex- 
aftnefs,  a  cock,  which  I  afterwards  applied  to  the 
air-pump,  to  draw  the  air  out  of  the  phial  •,  hav¬ 
ing  done  this  as  carefully  as  I  could  pofiibly,  I 
fhut  the  cock  to  hinder  the  air  from  entering  into 
the  phial  again,  when  it  was  feparated  from  the 
air-pump  :  this  is  all  the  artifice. 

To  try  then  if  I  had  reafoned  juftly,  I  carried 
the  phial  the  fame  night  into  the  dark,  and  hold¬ 
ing  it  faft  by  the  neck,  I  began  to  fhake  it  ftrong- 
ly,  as  they  do  in  rinfing  a  bottle,  to  give  a  great 
agitation  to  the  quickfilver.  And  prefently  the 
phial  appeared  full  of  a  fire,  the  light  of  which 
was  not  interrupted,  nor  intercepted,  like  that  ot 
the  barometer  ;  but  laded  as  long  as  the  quick- 
filver  was  in  agitation,  and  with  fo  much  vivaci¬ 
ty,  that  I  could  eafily  fee  the  faces  of  the  fpedators 
enough  for  to  know  them  :  I  repeated  this  expe¬ 
riment  many  times,  with  more  than  one  fort  of 
quickfilver,  and  always  with  the  fame  fuccefs ; 
except  when  I  had  not  been  exa6l  enough  in  draw¬ 
ing  the  air  out  of  the  phial,  or  that  I  had  let  a 
little  get  in  again  ;  for  then  not  only  the  light  ap¬ 
peared  much  fainter,  but  it  lefiened  by  degrees, 
notwithdanding  the  continual  fhaking  of  the 
phial,  till  it  difappeared  intirely.  After  that, 
there  was  no  v/ay  to  make  it  appear  again,  with¬ 
out  drawing  the  new  air  out  of  the  phial. 

Having  examined  by  day,  what  was  the  caufe 
of  the  faintnefs  of  the  light,  I  found  all  the  fur- 
face  of  the  quickfilver  covered  witli  a  pellicle, 
not  only  vifible,  but  fo  thick,  that  it  v/as  like  a 
pade  made  of  dirt :  notwithdanding  before  the  agi¬ 
tation  the  phial  was  very  clean  within,  and  the 
furface  of  the  quickfilver  polifhed  like  a  looking- 
glafs.  From  whence  I  judge,  that  the  air  being 
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agitated,  altho’  in  a  fmall  quantity,  might  ex¬ 
tremely  infedt  the  quickfilver,  and  that  for  this 
reafon,  as  fail  as  this  pafte  formed  itfelf,  the 
light  grew  fainter,  and  intirely  difappeared,  when 
this  pafte  acquired  fuch  a  confiftence,  as  not  to 
be  broken  in  pieces  by  any  violent  agitations  that 
were  given  the  quickfilver.  It  is  alfo  by  this,  that 
you  may  know  whether  the  air  is  well  taken  out 
of  the  phial  or  not  ;  for  if  it  is  well  emptied,  not 
only  the  light  does  not  leflen,  and  the  quickfilver 
does  not  cover  itfelf  with  dirt,  but  the  light  itfelf 
becomes  more  excellent  in  time  ;  and  the  pellicle 
of  the  quickfilver,  if  it  had  any  at  the  firft,  dif- 
perfes  intirely,  in  fuch  a  manner,  that  the  quick¬ 
filver  polifhes  itfelf  fo  well  at  laft,  by  frequent 
ufe,  that  there  does  not  remain  any  fpot ;  and 
when  this  happens,  then  the  light  is  in  the  higheft 
degree  of  vivacity,  and  appears  always  with  the 
fame  force  every  time  that  you  fliakc  the  phial 
in  the  dark. 

I  do  not  believe,  that  they  have  found  till  now 
the  perpetual  phofphorus^  that  is,  which  does  not 
confume  by  time,  or  at  leaft  which  does  not  in 
the  end  lofe  its  virtue  ;  but  here  is  one  which 
mu  ft  laft  as  long  as  you  will  without  lofing  any 
of  its  own,  provided  the  phial  remains  always 
well  ftopped,  and  that  the  air  does  not  enter  *,  for 
the  quickfilver  inclofed  in  the  vacuum  is  not  fub- 
jedl  to  any  alteration,  fo  that  there  is  no  reafon 
why  it  fticuld  not  have  its  effect  at  all  times. 

It  is  true,  that  the  cock  which  I  had  cemented 
upon  the  phial,  with  which  I  made  the  firft  ex¬ 
periment,  gan  to  fpoil  by  the  quickfilver,  be- 
cauj'e  it  was  of  brafs ;  but  I  have  fince  found  the 
fecret  of  flopping  the  phial  after  having  drawn 
out  the  air,  without  having  occafion  for  the  cock. 
Among  many  ways  which  I  thought  on,  the 
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moft  fure  and  expeditious  is,,  firft  to  flop  the 
phial  before  you  draw  out  the  air,  with  a  cork 
and  a  proper  wax  over  it,  and  then  to  make  a  little 
hole  with  a  pin  through  the  wax  and  cork,  to 
give  an  opening  to  the  air  which  you  are  going 
to  draw  out  of  the  phial  5  this  being  done  indole 
the  phial  in  a  receiver,  out  of  which  the  air  mull 
afterwards  be  drawn,  as  exad:ly  as  poflible,  to  get 
it  at  the  fame  time  out  of  the  phial  by  the  aper¬ 
ture  of  the  little  hole the  greateft  difficulty  is 
how  to  clofe  this  little  hole,  before  you  let  any 
air  get  into  the  receiver.  To  perform  this  eafily, 
you  mull  expofe  the  receiver  thus  empty  to  the 
fun,  and  with  a  convex-glafs  melt  the  edges  of 
the  wax  about  the  hole,  in  this  manner  the  hole  is 
filled  with  the  melted  wax,  and  Hops  kfelf  per^ 
fedly  well  of  its  own  accord.  This  being  done, 
you  may  ex  abundantly  spply  the  receiver  again 
to  the  air-pump,  to  fee,  if  during  the  operation, 
there  has  not  a  little  air  flipped  into  the  receiver 
by  fome  invifible  aperture :  the  furell  way  is  dur¬ 
ing  the  operation  to  hold  all  the  parts  of  the  re¬ 
ceiver,  by  which  the  air  can  flip  in,  under  water. 
Being  thus  aflfured,  that  all  is  done  well,  let  the 
air  enter  aeain  into  the  receiver  to  take  out  the 
phial,  which  being  thus  prepared,  ferves  then  for 
a  pkofphorus  whenever  you  will  take  the  pains  to 
fhake  the  phial  in  the  dark.  I  kept  5  or  6  weeks 
two  of  thefe  phials  filled  with  two  different  forts  of 
quickfilver,  which  had  their  effed;  admirably 
well.  The  curious,  to  whom  I  have  Ihewn 
them,  have  declared,  that  they  have  feen  nothing 
more  wonderful.  In  Ihort,  the  whole  phial  is  in 
a  flame,  and  the  quicklilfer  like  a  burning  li¬ 
quor. 

If  you  have  a  mind  to  make  one  of  them,  you 
mull  carefully  obferve  thefe  three  things,  i.  That 
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the  phial  be  very  clean  and  dry  widiin ;  and  if 
you  doubt  of  its  being  fo,  it  would  be  better  to 
take  a  quite  new  one,  as  it  comes  from  the  glafs- 
houfe.  2.  That  you  do  not  ftir  the  quickfilver 
much  before  the  air  is  drawn  out  of  the  phial. 
3.  That  you  empty  the  air  out  of  the  phial  as 
carefully  as  is  poiTible.  This  third  point  muft  be 
obfervcd  with  all  the  exadlnefs  imaginable,  or 
elfe  it  will  not  make  any  phofphorus^  or  if  it  does, 
it  will  be  faint,  and  not  laft  long.  The  air- 
pump  muft  be  very  good;  mine,  which  was 
made  in  Holland^  is  fo  nice,  that  the  pifton^  be¬ 
ing  drawn  from  the  bottom  of  the  cylinder  to  the 
mouth,  and  remaining  fo  for  24  hours,  does  not 
let  in  the  1 0000th  part  of  air  into  the  cavity  of 
the  cylinder,  as  I  have  known  by  experience, 
certain  fign  of  very  great  exadnefs. 

II.  Obfervations  on  the  rain-^water  which  fell 
at  the  royal  obfervatory  in  1700  ;  with 
Jbme  remarks  on  the  thermometer  and  baro-- 
meter ^  ' by  Af.  de  la  Hire 

During  the  whole  year  1700,  there  fell '20 
inches  of  water  at  the  obfervatory,  which  is  the 
mean  quantity  that  falls  every  year. 

There  fell  in 
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We  may  obferve,  that  in  the  two  months  of 
*June  and  July  alone  there  fell  80  lines,  which  is 
7  of  that  which  fell  in  the  whole  year :  but  the 
month  of  Auguft  gave  only  9  lines  altho’  there 
are  generally  the  greateft  rains  in  it,  as  I  have 
obfervcd  for  many  years  fince  I  have  made 
thefe  obfervations.  What  is  alfo  remarkable  in 
the  rains  of  this  year  is,  that  there  fell  but  i 
line  i  in  September^  whence  the  drought  was  very 
great  towards  the  end  of  fummer. 

The  thermometer  fhewed  us,  that  the  greateft 
cold  of  the  months  of  January  and  February^ 
was  on  the  9th  of  February^  when  my  thermo¬ 
meter  fell  only  to  28  parts,  the  mean  ftate  of 
heat  or  cold  being  at  48  parts,  as  I  have  proved 
for  fome  time  in  the  bottom  of  the  caves  of  the 
obfervatory,  where  my  thermometer  always  re¬ 
mained  at  this  height.  This  thermometer  falls 
fometimes  in  the  winter  below  1 5  parts.  It  is 
expofed  to  the  air,  but  Ihelter’d  from  great  winds 
and  the  fun.  All  the  reft  of  thefe  two  months  it 
was  commonly  at  40  parts  ;  we  muft  take  notice, 
that  all  the  obfervations  that  I  made  every  day, 
were  about  fun  rifing,  when  the  air  is  commonly 
the  coldeft.  But  on  the  19th  of  December  the 
thermometer  fell  to  25  parts  a  little  lower 
than  it  did  at  the  beginning  of  February^  which 
is  generally  the  coldeft  time.  By  thefe  obferva¬ 
tions  it  appears,  that  the  cold  has  not  been  very 
confiderable  during  all  this  year. 

As  for  the  heat,  it  was  the  greateft  on  the  21ft 
of  July^  the  thermometer  marking  61  parts  7. 

We  ought  not  to  judge  of  the  coldnefs  of  the 
air,  by  the  impreffion  which  it  makes  on  our 
bodies;  for  a  great  wind  makes  the  air  always 
appear  colder  to  us,  than  it  really  is,  becaufe  it 
makes  the  air  pafs  through  the  deaths,  and  drives 

away 
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away  that  which  is  about  the  Ikin,  and  which  is 
warmed  by  it.  This  experiment  proves  that  the 
violence  of  the  wind  does  not  augment  the  cold 
of  the  a’r,  I  bio  wed  with  a  pair  of  bellows 
againft  the  ball  of  a  thermometer  for  fome  mi¬ 
nutes,  and  1  did  not  obferve  any  fenfible  altera¬ 
tion  in  the  height  of  the  fpirit  of  wine.  This 
experiment  would  have  been  more  jufl,  if  it  bad 
been  madev/ith  one  of  San5lorius\  thermometers, 
where  the  imprefiion  of  heat  and  cold  is  made 
on  the  air  it  felf. 

For  the  barometer,  that  which  I  ufe  is  fixed  at 
the  top  at  the  great  hall  of  the  obfervatory.  The 
greateft  height  was  on  the  firft  day  of  7^;/,  at  28  in¬ 
ches  4  lines  and  more  than  f ,  with  a  gentle  wind  at 
ENE,  and  it  always  kept  very  high  during  this 
month,  altho’  the  wind  was  often  toward  the 
W.  but  always  inclining  a  little  to  the  N.  yet 
it  was  not  then  cold,  for  the  air  was  commonly 
in  a  temperate  ftate,  and  fometimes  hotter,  the 
barometer  at  the  lowed  was  at  26  inches  8  lines 
'November  26  with  a  high  S.  wind  and  a 
little  fnow,  which  foon  melted,  the  air  not  being 
cold.  Thus  the  difference  between  the  greiiteft 
heights,  and  the  greateft  falling  of  the  quick- 
filver  during  this  year,  was  i  inch  and  a  little 
more  than  8  lines. 

I  found  the  declination  of  the  needle  8^12'  to¬ 
ward  the  W.  November  20,  of  the  laft  year 
1700.  This  obfervation  was  m.ade  againft  the 
S.  wall  of  the  terrafs  of  the  obfervatory,  which 
I  found  was  placed  exadly  according  to  the  me¬ 
ridian  line,  and  the  needle  which  I  ufed  was  8 
inches  long,  and  very  well  hung. 


III. 
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III.  A  letter  from  M.  Bernoulli  profejjor  at 
Groninguen,  concerning  Ins  7iew  pbojphorus.^ 


I  read  the  paper  which  you  fent  me,  but  I  do 
not  know  whether  I  ought  to  be  forry  for  the 
bad  fuccefs,  which  it  contains  of  the  experiments 
upon  the  light  of  the  quickfilver;  1  think  I 
have  rather  reafon  to  be  glad  myfelf,  that  no 
body  can  yet  effedt  that  which  I  do  very  eafily, 
either  by  my  Ikill,  if  I  have  any,  or  by  the 
goodnefs  of  my  pneumatic  machine.  For  is  it 
not  furprifing,  that  the  experiments  of  the  aca¬ 
demy  have  never  fucceeded,  and  that  mine  have 
never  failed  ?  you  fend  word,  that  it  is  fome  par¬ 
ticular  accident:^  which  happens  to  fome  quick- 
filver^  which  may  render  it  capable  of  light  in  a 
place  void  of  air  \  but  pray  confider  that  I  have 
made  my  phofphorus  with  5  or  6  forts  of  quick- 
filver,  which  I  have  known  were  brought  here 
from  different  places  and  at  different  times,  which 
neverthelefs  have  fucceeded  -very  well  with  me,  ex- 
cept  one  only  which  did  not  give  light  at  tlie 
firfl,  but  which  I  rendered  luminous  by  wa filing 
it,  as  I  fhall  mention  hereafter. 

I  do  not  find  it  necefftry  to  anfwer  in  order 
to  the  experiments  in  this  paper,  nor  to  the  re¬ 
flexions  and  confequences  which  are  drawn  from 
them.  To  end  the  difpute,  I  defire  the  academy 
to  fend  me  fome  of  the  fame  quickfilver,  which 
they  have  ufed  without  fuccefs.  I  engage  to  make 
a  phofpborus  with  it  as  good  as  thofe  which  I 
have  already  made  hitherto.  And  that  the  aca¬ 
demy  may  be  affur’d  that  it  is  the  fame  quick¬ 
filver  that  they  fend  me,  with  which  I  make  the 
phofphorus  ;  I  will  do  it  in  the  pr.efence  of  au- 
rhentick  witneffes,  and  fend  it  again  to  the  aca- 
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demy.  What  makes  me  thus  bold  is,  that  I  fee 
fome  circumftances  that  the  paper  mentions, 
which  makes  me  believe,  that  thefe  experimeuts 
have  not  been  made  exadl  enough,  and  that  con- 
fequently  the  ill  fuccefs  of  it  muft  be  imputed  en¬ 
tirely,  either  to  the  machine  of  the  academy, 
which  perhaps  may  not  be  the  moil  juft,  or  to 
fome  miftake.  One  of  thefe  circumftances  is, 
that  the  quickfilver  in  a  phial  emptied  of  air 
being  very  much  ftiaken,  really  gives  a  little 
light  very  faint,  that  it  was  ftrong  at  the  begin¬ 
ning,  that  it  diminifhed  by  little  and  little,  but 
without  any  air  emtering  again  into  the  veflel, 
and  that  after  having  let  the  air  in  again,  and 
then  emptying  the  machine  immediately  a  fecond 
time,  this  quickfilver  had  not  given  any  more 
light,  altho’  very  much  fhaken.  I  fee  by  this, 
that  the  quickfilver  had  not  been  purified  as  it 
ought  from  the  heterogeneous  matter,  of  which 
had  been  formed  that  pellicle  which  I  fpoke  of 
in  my  preceding,  by  the  gathering  of  the  air 
which  was  left  in  the  phial,  which  was  thought 
to  have  been  emptied  enough  *,  it  was  by  this 
that  the  light  was  fo  weak  and  vanifhed  by  de¬ 
grees,  whereas  it  would  have  been  very  lively 
and  lafting,  if  the  phial  had  been  well  emptied, 
and  the  quickfilver  well  purified ;  for  I  have 
tried  more  than  once,  that  the  quickfilver  in- 
clofed  in  a  veftel  void  of  air,  where  it  ftione  very 
much  for  a  long  time  with  an  equal  force, '  has 
ccafed  to  Ihine  by  lofing  its  light  by  degrees,  as 
foon  as  I  have  let  a  little  air  into  it.  However, 
we  may  conclude  from  the  experiments  which 
they  obje(ft  to  me,  that  the  quickfilver,  which 
was  not  Alining  in  the  barometers,  for  as  the  pa¬ 
per  does  not  mention  that  they  bad  different 
quickfilver,  1  believe  that  they  ufed  only  the 
^  fame 
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fame,  was  at  lead  fo  in  a  phial  emptied  of  the 
air :  if  they  had  then  made  this  experiment  with 
the  barometer  alone,  and  had  declared  that  the 
quickfilver  was  not  luminous,  would  they  not 
have  been  miftaken,  fince  it  really  was  fo  ?  It  is 
the  fame  with  the  fecond  experiment,  by  which 
they  did  not  fee  any  more  light  in  the  fame  phial, 
after  having  emptied  the  air  a  fecond  time,  becaufe 
that,  according  to  the  paper,  perhaps  in  letting 
the  air  again  into  the  veflel,  a  little  of  the  moif- 
ture  of  the  air  had  faftened  itfelf  to  the  fides  of 
this  veffel,  which  they  know,  as  well  as  I,  to  be 
prejudicial  to  the  light  of  quickfilver.  Let  us 
fee  then  what  would  have  happened,  if  from  the 
firft  time  there  flipped  fome  moifture  infenfibly 
into  the  phial  ;  there  is  no  doubt,  that  the  light 
not  appearing  at  all  from  this  firft  time,  it  would 
have  been  faid,  that  fliis  quickfilver  was  not  at  all 
lurninous,  altho*  it  had  been  the  fault  of  him 
who  had  made  the  experiment,  and  not  that  of 
the  quickfilver.  I  fay  this,  that  you  may  obferve 
that  the  experiments  which  did  not  fucceed,  prove 
nothing  to  fuftain  a  negative  propofition  ;  becaufe 
it  may  always  be  doubted  in  making  of  thefe 
experiments,  that  fome  miftake  has  been  com¬ 
mitted. 

I  fliall  fay  nothing  concerning  the  experiments 
upon  the  barometer,  both  becaufe  I  have  already 
anfwered  to  thefe  objections  in  my  fecond  letter, 
and  becaufe  I  entirely  negle6t  making  of  other 
obfervations  upon  the  light  of  the  barometer,  fince 
I  have  found  the  way  to  render  the  quickfilver 
luminous  in  a  phial  ;  which,  in  my  opinion,  is 
far  more  curious,  as  it  furni^ies  a  fort  of  perpe¬ 
tual  phofphorus^  and  convenient  to  carry  about, 
befides  tLt  the  light  of  it  is  much  more  lively 
than  that  of  the  barometer :  I  fhall  only  fay  fome- 
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thing  upon  the  fecond  barometer,  made  in  the 
pneumatic  machine  of  the  academy.  They 
may  reafonably  fay,  that  the  quickfilver  was  not 
rifen  to  the  fame  height  in  this  lafl  barometer^  as 
it  is  commonly  in  a  barometer  well  made^  it  not 
being  pojfible  to  empty  in  this  manner  all  the  air 
out  of  the  tube ;  becaufe  the  weight  of  the  quick- 
filver,  prefling  upon  the  open  end  of  the  tube, 
hinders  the  going  cut  of  the  air.  I  fee  by  this, 
that  they  have  let  the  open  end  of  the  tube  dip 
too  deep  into  the  quickfilver";  whereas  when  I 
made  this  experiment,  I  placed  the  tube  in  fuch 
a  manner,  that  its  end  was  near  the  furface  of  the 
quickfilver,  and  very  little  dipped.  For  this  pur- 
pofe  I  took  a  veflfel,  broad  and  a  little  flat,  to 
the  end  that  in  letting  in  the  air  again,  which  by 
its  preffure  had  made  the  quickfilver  rife  in  the 
tube,  this  quickfilver  might  not  fail  ;  by  this 
means,  I  raifed  the  quickfilver  to  the  height  of 
26  inches,  fo  that  it  wanted  but  little  of  the  com¬ 
mon  height.  Altho*  it  be  true,  that  it  is  not  ab- 
folutely  neceflfary  that  the  quickfilver  be  in  a  place 
perfcflly  void  of  air  to  become  luminous,  as  they 
have  very  well  obferved  in  the  paper  in  queftion  ; 
however,  it  mufl:  be  known  thattheredid  notremain 
fo  much  air  in  the  tube,  as  they  perhaps  thought ; 
and  befides  that  the  light,  altho*  very  brifk  the 
firfl:  night,  was  very  much  weakened  the  nights 
folio v/ing,  without  doubt  becaufe  of  this  little  air 
which  remained  in  the  tube,  which  I  had  not  ob¬ 
ferved  till  after  my  lafl:  letter.  From  whence  it 
follows,  that  the  more  perfedl  the  vacuum  is,  the 
more  excellent  and  durable  the  light  will  be  ;  fo 
that  the  quickfilver  in  a  phial  perfe(fl:ly  emptied 
of  air  for  at  lead  if  it  be  fo  to  the  tenth  thou- 
landth  part  or  more,  for  it  is  impoffible  to  draw 
rhe  air  ir/irely  out  of  any  veiTel)  fhines  as  lively 
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as  pofiible  ;  and  very  far  from  the  lights  growing 
fainter,  it  increafes  to  certain  degrees,  and  then 
it  continues  and  Ihews  itfelf  with  equal  force  every 
time  that  you  fliake  the  phial,  provided  alfo  that 
the  quickfilver  be  well  purified  from  its  dirt  j  I 
own  that  it  is  a  conjeflure  which  appears  true  to 
me,  when  they  fufpedted  that  my  firft  quickfilver, 
which  the  moment  it  was  expofed  to  the  air,  co¬ 
vered  itfelf  with  a  pellicle,  which  became  like 
duft  if  it  was  fhaken,  was  not  fo  clean  as  it  might 
be  :  I  will  agree,  that  this  pellicle  formed  itfelf  of 
a  foreign  matter,  either  metallick  or  other,  which 
came  from  the  quickfilver  .rather  than  from  the 
air,  neverthelefs  that  docs  not  at  all  invalidate 
the  general  explication,  which  I  give  of  the  pro- 
dudlion  of  the  light  of  the  quickfilver,  nor  even 
deftroy  my  idea  of  the  generation  of  the  faid  pel¬ 
licle  ;  for  it  is  always  conftant,  as  I  have  obfer- 
ved  in  my  preceding,  that  the  air,  if  it  is  not  al¬ 
ways  the  material  caufe,  is  at  lead  the  efficient 
caufe,  feeing  that  the  fame  quickfilver,  when  it 
is  inclofed  in  the  vacuum^  remains  always  bright 
and  poliffied,  altho’  very  much  ffiaken  *,  and  as 
fbon  as  you  have  admitted  the  air,  it  grows  thick 
as  ufual.  But  I  have  found  the  fecret  of  purifying 
it  fo  well  from  all  its  dirt,  that  it  does  not  thicken 
any  more,  even  when  it  is  expofed  to  the  air,  and 
ffiaken  very  ftrongly.  I  put  4  or  6  ounces  of 
quickfilver  into  a  phial,  and  pour  common  wa¬ 
ter  upon  it,  till  it  covers  the  quickfilver  to  the 
thicknefs  of  two  fingers  or  thereabouts ;  then  I 
ffiake  the  phial  ftrongly  for  a  great  while,  as  in 
rinfing  it,  I  empty  the  water  out,  which  is  quite 
black  and  dirty,  at  the  top  of  the  quickfilver, 
and  put  freffi  upon  it,  and  begin  again  to  fliake 
the  phial,  till  the  water  becomes  dirty  again  ;  I 
then  change  the  water  a  fccond  time,  and  do  the 

fame 
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fame  thing ;  which  being  repeated  till  the  water 
is  no  longer  black,  or  very  littie,  I  dry  the  quick- 
filver  by  palling  it  feveral  times  through  a  clean 
cloth  :  if  you  ufe  fpirit  of  wine  inftead  of  water, 
you  will  fooner  have  cleaned  the  quickfilver.  By 
this  means  I  took  ail  the  dirt  out  of  it,  fo  that  be¬ 
ing  fliaken  in  the  open  air,  as  much  as  you  would, 
it  does  not  leave  any  traces  of  pellicle  or  of  dull, 
only  it  tarnifhes  a  little  in  fome  days,  as  if  it  was 
by  the  fleam  that  apparently  comes  from  the 
touching  of  the  air,  which  is  always  a  little  in- 
fed:ed  with  humidity.  T\\^'phofphorus  made  with 
the  quickfilver  thus  clcanfed,  was  much  finer 
than  thofe  made  before  ;  which  confirms  my 
explication  of  the  produclion  of  this  light, 
which  1  have  faid  was  hindered  by  the  hetero¬ 
geneous  matter,  poflefTing  the  top  of  the  quick¬ 
filver. 

I  have  fiid  above,  that  I  have  tried  5  or  6 
forts  of  quickfilver,  which  all  fucceeded  with  me, 
of  which  fome  were  alfo  infe6led  with  dull  by 
the  motion,  like  my  firfl,  and  the  others  remained 
clear  and  polifiied,  like  thofe  of  the  academy. 
Among  thefe  there  was  one,  which,  at  firfl,  gave 
no  light :  but  I  fufpedled  that,  even  before  I 
made  the  trial  *,  for  it  feemed  to  be  more  thick, 
or  lefs  fluid  than  the  others,  fince,  when  it  was  agi¬ 
tated,  it  made  no  bubbles  upon  the  furface,  as  I 
obferved  in  the  others,  which  I  attributed  to  its 
vifcidity,  which  hindered  the  feparation  of  its 
parts.  This  made  me  fufpedl,  that  there  was 
perhaps  in  that  quickfilver  fome  oily  or  fulphu- 
rous  matter,  which  becaufe  of  its  vifcofiry,  did 
not  Ihew  itfelf  upon  the  furfiice,  as  the  other  im¬ 
purities  did,  which  more  eafily  fcparated  them- 
felves  from  the  little  parts  of  the  quickfilver  to  be 
thrown  out:  thus  this  oily  matter  remaining  al¬ 
ways 
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ways  mixed  within  the  quickfilver,  is  taken  to  be 
very  pure,  tho’  it  is  by  no  means  fo  ;  and  much 
lefs  fo,  than  that  which  covers  itfelf  at  firf}  with  a 
vifible  pellicle.  Then  having  well  wafhed  it  in 
the  above  manner  withfpirit  of  wine,  rather  than 
with  water,  becaufe  I  thought  it  better  than  wa¬ 
ter  to  take  out  the  vifcocity,  the  quickfilver, 
which  was  not  at  all  luminous,  became  as  Ihining 
as  any  other  :  but  what  is  ftill  raore  wonderful, 
the  firft  quickfilver,  which  grew  thick  with  the 
lead  motion,  became  fo  pure  with  wafliing,  al« 
tho*  with  water  alone,  that  I  have  feen  it  make 
light  even  in  a  phial  full  of  natural  air,  without 
its  having  any  drawn  away.  It  is  true,  that  the 
light  was  not  fo  lively  as  that  which  was  made  in 
the  vacuum^  and  it  appeared  only  like  feparate 
fparks,  which  arofe  fuccefsfully,  and  periflied 
almoft  at  the  fame  time  ;  whereas  the  light  in 
the  vacuum  is  like  a  continual  flame  which  lafts 
inceflfantly  while  the  quickfilver  is  in  agitation.  I 
conclude  from  thefe  experiments,  that  the  quick¬ 
filver,  if  it  is  perfedlly  purifled,  may  let  the  fub- 
tile  matter  (which  I  call  with  M.  Defcartes^  by 
the  name  of  the  firfl;  element)  go  out  of  its  pores 
in  fuch  a  quantity  at  once,  that  for  all  the  re- 
fiftance  of  the  air,  it  has  ftill  motion  enough  to 
produce  fome  light.  If  they  then  take  the  pains 
to  wafii  the  quickfilver  well,  which  they  fay  is 
not  luminous,  and  after  having  well  dried  it  (for 
the  leaft  moifture  will  occafion  bad  fuccefs)  pour 
it  into  a  clean  and  dry  phial ;  if  they  then  draw 
out  the  air  carefu^y,  I  am  fure  they  will  fucceed. 
Tho’  this  quickfilver  is  thought  to  be  perfectly 
pure,  becaufe  it  remains  clear  after  the  agitation  : 
I  have  neverthelefs  obferved,  that  it  may  be  in- 
fedled  with  a  concealed  glutinous  matter,  which 
(hutting  up  intirely  the  pores  of  it,  or  at  leaft 

makina; 
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making  them  (liff,  hinders  or  keeps  back  the 
particles,  which  ought  to  caufe  the  light,  from 
going  out.  I  fay,  that  the  fliffnefs  of  the  pores 
may  hinder  or  keep  back  thefe  particles  from  go¬ 
ing  out;  for  it  is  very  vifible,  that  altho’  the 
quickfilver  be  in  very  great  agitation,  if  never- 
rhelefs  the  pores  of  its  particles  are  not  flexible 
enough  to  change  their  ihape,  the  matter  of  the 
firfl:  element  cannot  be  driven  away  from  it,  for 
the  pores  mull  often  flirink  that  this  matter  may 
go  out.  It  is  therefore  very  likely,  that  the 
quickfilver,  which  is  faid  to  become  luminous  by 
thedifliilation  through  quicklime,  is  one  of  thole 
v/hofe  pores  are  thus  ftifF,  becaufe  of  fome  ful- 
phurous  or  glutinous  matter.  And  therefore 
very  far  from  being  of  the  opinion  with  thofe  who 
believe  they  are  igneous  particles^  that  the  quick¬ 
lime  has  given  to  the  quickfilver  in  palling  thro* 
it,  which  produce  the  light ;  I  am  ftrongly  per- 
fuaded  on  the  contrary,  that  the  true  reafon  of  it 
is  the  purification  alone,  fo  that  the  lime  has  con¬ 
tributed  nothing  to  it  but  its  pores,  thro’  which 
the  quickfilver  pafiing  has  left  behind  all  the  fo¬ 
reign  and  glutinous  matter,  and  is  thus  delivered, 
from  it :  there  is  then  nothing  done  by  the  diftil- 
lation  than  what  I  have  done  by  wafliing  alone. 
In  fhort,  thefe  igneous  particles  appear  to  me 
great  paradoxes  for  many  rcafons,  of  which  I  fliali 
only  mention  fome. 

1.  This  new  phofphoriis  mull  at  lail  lofe  its 
virtue,  becaufe  thefe  igneous  particles  become  at 
lalt  ot  no  fervice  by  frequent  uie,  as  you  fee  by 
olhtv phojpb or i  which  are  luminous,  by  the  means 
of  fuch  igneous  particles. 

2.  If  thefe  igneous  particles  are  fo  fine,  that 
they  can  lodge  in  the  little  fpaces  >)f  the  quick¬ 
filver,  and  pafs  through  them,  as  is  pretended, 

without 
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without  doubt  they  could  pafs  much  more  eafily 
through  the  pores  |.of  the  glafs,  which  are  much 
larger  then  thofe  of  quickfilver,  how  comes  it 
then  that  in  fhaking  the  phial,  they  do  not  dif- 
perfe  themfelves  immediately  by  flying  off  thro’ 
the  pores  of  the  glafs,  let  them  be  in  ever  fo 
great  quantity  in  the  quickfilver  ? 

3.  We  can  no  more  explain  why  the  light  in 
the  barometer  appears  only  in  the  defcenc  of  the 
quickfilver :  for  if  it  is  caufed  by  thefe  igneous 
particles,  which  fwim  upon  the  furface,  why  have 
they  not  their  effedt  when  the  quickfilver  rifes, 
as  well  as  when  it  falls,  if  there  wanted  nothing 
but  motion  to  make  them  fucceflively  upon  the 
lurface  of  the  quickfilver. 

Now  all  thefe  difficulties  are  avoided  by  my 
way  of  explaining  this  light ;  for  in  faying  that 
it  is  produced  by  a  very  fine  matter,  which  being 
univerfal  and  found  every  where,  never  fails,  we 
fhall  fhew  that  this  phofphorus  muft  laft  perpetu¬ 
ally,  the  quickfilver  only  lending  its  pores,  which 
are  very  narrow,  aud  ferve  as  a  fieve  to  the 
matter  of  the  firfl  element,  to  feparate  it  from  the 
fecond  and  third,  (I  make  ufe  of  thefe  terms  be- 
caufe  they  are  convenient  to  explain  myfelfj  from 
which  being  delivered,  and  afterward  driven  out 
of  the  quickfilver  by  the  agitation  which  is  given 
it,  it  takes  at  firfl:  its  rapid  motion,  which  is  ufual 
with  it,  when  it  is  alone  and  difengaged  from  all 
other  matter,  and  fo  produces  in  our  eyes  the  ef- 
fedl  which  caufes  in  us  the  fenfation  of  light. 
Therefore  this  luminific  matter,  altho’  it  is  dif- 
perfed  in  a  moment,  yet  is  immediately  followed 
by  another  which  has  the  fame  effetft,  and  fo  on, 
which  will  always  continue.  This  explication 
proved  itfelf  alfo  by  one  of  thefe  pbojpkori^  with 
which  I  have  made  the  experiment  almofl  every 
VoL.I.  8.  Nn  night 
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night  for  about  a  year,  and  I  can  truly  fay,  that 
I  have  never  obierved  any  fenfible  change  in 
it,  but  quite  on  the  contrary,  that  the  light 
was  always  equally  bright,  as  it  ftill  is ;  and 
very  far  from  its  having  fulfered  any  diminu¬ 
tion,  it  feems  at  prefect  to  be  a  little  more 
lively  than  it  was  at  the  beginning,  perhaps  be- 
caufe  the  quickfilver  is  become  more  fluid  by 
the  frequent  agitations,  and  the  reft  of  its  dirt  is 
feparated  from  it  by  degrees,  and  is  fixed  to  the 
fides  of  the  glafs,  as  the  glafs  being  a  little  thick 
within,  plainly  fhows  ;  fo  that  the  quickfilver 
being  entirely  purified,  gives  light  for  the  future 
to  the  higheft  degree  of  vivacity.  My  explica¬ 
tion  appears  to  me  in  other  refpedls  fo  plaufible, 
that  1  am  fully  perfuaded,  that  another  pureliquor 
as  heavy  as  the  quickfilver,  if  there  was  one,  would 
make  without  doubt  the  fame  effedl  *,  fo  that  I 
believe  gold  would  be  the  fitteft  to  make  the  like 
phofphori^  if  we  knew  the  way  of  rendering  it 
fluid,  without  lofing  any  of  its  fpecifick  gravity  : 
for  as  I  make  this  effedl  depend  on  the  fmallnefs 
and  flexibility  of  the  pores,  it  is  certain,  that 
gold  having  the  fmalleft  of  any  body,  it  wants 
only  the  flexibility  of  its  pores,  which  we  cannot 
procure  it  but  by  a  perfedl  fluidity  of  its  mafs. 
Perhaps  melted  lead  put  into  a  vacuum^  would 
give  alfo  alight,  atleaftif  the  dirt,  with  which  it 
is  always  infedled,  does  not  hinder  it. 

As  for  the  quickfilver,  which  is  faid  to  be 
made  luminous  by  the  artificial  liquid  phofphorus^ 
I  believe  that  it  was  not  the  quickfilv^er  which  was 
luminous,  but  the  particles  themfelves  of  the  ar¬ 
tificial  phofphorus.  Now  that  would  have  hap¬ 
pened  to  many  other  bodies,  which  we  fee  fhine 
by  the  frieftion  alone  of  folid  phofphorus  ;  and 
as  the  light  of  it  does  not  laft  long,  I  imagine 
alfo  that  the  quickfilver  here  mentioned,  has  not 

always 
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always  kept  this  light  borrowed  from  the  artifi¬ 
cial  liquid  phofphorus  i  fo  neither  does  that  light 
belong  to  our  fubjedt. 

By  all  thefe  reafonings,  joined  to  the  obferva- 
tions  which  I  have  alledged,  it  appears  that  the 
three  confequences  which  they  have  drawn  from 
it  cannot  fubfift.  For,  i.  we  fee  that  the  quick- 
filver  is  not  only  capable  of  becoming  luminous 
in  a  place  emptied  of  air  ;  but  that  it  is  in  effedt 
already  luminous,  provided  its  light  be  not  hin¬ 
dered  by  fome  foreign  caufe  either  internal  or 
external. 

2.  Alfo  all  quickfilvers  are  equally  luminous, 
provided  again  their  lights  are  not  hindered  in 
fome  more  than  in  others,  by  any  caufe  whatfo- 
ever,  T  made^  a  remarkable  obfervation  upon 
this  fubjedt :  I  took  two  phials  both  alike,  and 
equal,  into  which  I  put  an  equal  quantity  of 
quickfilver  taken  from  the  fame  mafs  ;  I  drew 
the  air  equally  and  in  the  fame  hour  from  each 
phial.  Would  one  not  fay,  that  the  light  ought 
to  appear  equally  ftrong  in  both  phials,  fince  in 
all  appearance  every  thing  was  perfedly  equal 
and  alike  ?  but  the  effedl  Ihewed  quite  the  con¬ 
trary,  for  one  of  thefe  phials  made  the  light  very 
lively  with  the  lead  motion,  but  the  other  did 
not  till  after  much  lhaking,  and  then  having  once 
began  to  fiiine,  it  wanted  only  the  lead  motion 
to  make  the  light  appear  again,  and  after  ha¬ 
ving  let  this  phial  red  for  two  or  three  hours,  it 
wanted  to  be  drongly  fliaken  before  the  light 
began  to  appear  again  *,  whereas  the  fird  phial  al¬ 
ways  gave  light  without  any  trouble.  What  can 
we  fay  to  this  ?  unlefs  that  perhaps  there  entered 
a  little  moidure  into  one  of  the  phials,  altho’ 
imperceptible  to  my  eyes,  either  from  the  breath, 
or  frcm  the  fweat  of  the  hands  in  touching  it ; 

N  n  2  which 
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which  was  fufficient  to  caufe  To  great  a  difference 
in  the  light.  It  does  not  then  follow  from  hence, 
if  one  quickfilver  gives  more  light  than  another, 
that  it  is  more  capable  of  giving  it  than  the  other ; 
for  here  where  the  quickfilvers  were  taken  from 
the  fame  mafs,  and  confequently  equally  capable 
of  jfhining,  yet  they  fhined  differently. 

3.  L.aftly,  we  fee  that  the  fame  quickfilver,  if 
it  be  well  prepared,  mufl  always  be  equally  lumi¬ 
nous,  and  that  if  it  is  fometimes  much,  fometimes 
little,  fometimes  not  at  all,  it  is  a  fign  that  there 
is  an  alteration  happened  to  it,  which  augments, 
diminifhes,  or  hinders  the  appearance  of  the  light, 
which  without  that,  would  be  always  the  fame : 
witnefs  the  fhofphorus  which  I  have  mentioned 
above,  that  gave  light  a  year  without  any  fen^ 
fible  alteration.  I  can  confirm  what  I  have  faid 
by  another  obfervation,  which  I  made  not  long 
ago :  I  had  a  phial  prepared  with  phofphorusy 
which  (hone  equally  for  about  6  weeks  ;  without 
opening  or  letting  the  air  into  the  phial,  I  burned 
with  the  fun  by  a  convex  ghfs,  a  little  bit  of 
cork  that  had  been  feparated  from  the  reft,  and 
fwam  upon  the  quickfilver.  It  made  a  little 
fmoak  in  the  phial,  which  other  wife  remained  in 
its  firft  ftate,  without  being  at  all  changed.  One 
would  not  believe  how  much  this  little  fmoak 
diminiflied  the  vivacity  of  the  light,  befides  that 
it  wanted  to  be  ftiaken  much  more  ftrongly 
than  before  to  make  it  appear;  which  fhews  the 
alteration  of  the  light  oblerved  at  the  academy, 
muft  not  be  taken  for  an  effential  quality,  but 
for  the  effect  of  an  accidental  caufe. 

I  agree  that  all  common  qitickfdver  is  perfectly 
altke^  as  all  gold  and  all  ftlver  is  alike^  from 
whatfoever  part  of  the  world  it  comes^  provided 
that  it  be  pure:  for  this  is  the  foundation  of 

-'V 
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my  explication  of  this  light,  to  maintain  that 
it  is  general,  and  that  it  comes  only  from 
the  quickfilver  which  gives  way  to  the  matter 
of  the  firft  element,  to  the  exclufion  of  another 
more  grofs  matter.  1  agree  alfo,  that  it  fol¬ 
lows  from  my  explication,  that  all  quickfilver 
muft  be  luminous,  and  at  all  times  y  it  is  alfo 
both,  as  1  have  now  proved,  provided  the  light 
be  not  hindered  by  fome  foreign  caufe,  as  the  fun  is 
always  luminous,  although  its  light  may  be  taken 
from  us  by  an  eclipfe  or  other  caufe.  I  conclude 
then,  that  it  is  not,  as  is  believed,  a  particular  acci¬ 
dent  happened  to  fome  quickfilver,  which  can 
render  it  capable  of  fhining  in  a  place  emptied 
of  air  *,  but  on  the  contrary,  that  it  is  natural 
and  elTential  to  all  quickfilver,  as  to  all  other  li¬ 
quids  equally  heavy,  if  we  had  any  fuch,  to  be 
luminous  and  it  would  be  rather  a  particular  acci¬ 
dent  happened  to  the  quickfilver,  which  hindered 
the  appearance  of  its  light.  That  if  after  all  this 
they  ftill  find  difficulties,  without  being  able  to 
fucceed  in  making  my  new  phofphorus  as  perfectly 
as  I  have  done  it ;  I  only  wifh  to  have  the  fame 
quickfilver,  which  fo  obftinately  darkens  itfelf ;  I 
hope  to  difperfe  the  darknefs,  and  that  I  fhall 
have  the  good  luck  to  fupport  this  quickfilver 
in  the  greek  title  of  phofphorus^  with  as  much 
juftice  as  the  planet  Venus  bears  the  Latin  title 
of  Lucifer, 

IV,  Remarks  on  the  meafure  and  weight  of 
wate7\  by  M,  de  la  Hire.  ^ 

Extra6t  of  the  memoirs  of  M.  Picard, 

1 7 1  inches  \  of  water  of  Arcueil  weigh  6  Ih, 
14  oun.  4  dr,  2  gr, 

*  Siptemha'  2,  1701. 
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Hence  I  find  that  the  cubical  foot  of  water  of 
Arcueil  weighs  1113  oun,  3  dr,  20 gr,  or  69 
9  om,  3  dr.  20  gr. 

M.  Picard  adds  that  the  Paris  pinte  of  the 
meafure  of  the  Hotel  de  ville  contains  47  inches  7. 

But  that  the  Chopine  of  the  Hotel  de  ville  con¬ 
tains  almofl  24  inches. 

And  if  we  fuppofe  that  the  pinte  contains  47 
inches  it  will  weigh  of  the  fame  water  30  oun. 
3  dr.  or  I  lib.  14  oun.  3  dr.  \. 

But  if  we  fuppofe  it  to  contain  48  inches,  in 
proportion  to  the  chopine^  then  we  fiiall  find  it  to 
weigh  30  oun.  7  dr.  I,  or  i  lb.  i^oun.  7  dr.  f. 

Aug*  5,  1701,  at  M.  Boulduchy  we  weighed  a 
pinte  of  river  water  in  a  quite  new  pewter  pinte 
pot. 

The  water  being  warm  weighed  3 1  cun.  4  dr. 

Being  cold  it  weighed  31  6 

Aug.  20,  1701,  at  the  Hotel  de  Ville^  with 
M.  Boulduc.^  we  meafured  in  the  brafs  ftandard  a 
pinte  of  river  water  ;  and  having  weighed  it  ex- 
adfly  with  a  good  balance,  after  different  man¬ 
ners,  it  weighed  i  lb.  14  oun.  3  dr.  2  gr.  The 
water  was  neither  cold  nor  hot. 

This  meafure  agrees  exad^^ith  that  which  1 
had  concluded  from  M.  Picard\  obfervations  *, 
for  the  difference  of  a  few  grains  may  come  from 
the  water  of  Arcueil^  which  M.  Picard  ufed, 
weighing  a  little  more  than  the  river  water,  and 
perhaps  it  might  be  a  little  colder  than  the  river 
water,  which  we  made  ufe  of  the  laft  time. 


V. 
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V.  Anatomical  ohfervatiom  made  on  the  ova-- 
ries  of  cows  and  feep^  by  M,  du  Vcrney 

junior 

Having  met  with  the  uterus  of  a  cow,  which 
inclofed  a  fcetus  of  about  a  fortnight  or  three 
weeks,  which  however  had  all  the  parts  very  di- 
ftindt,  I  applied  myfelf  with  care  to  difcover 
where  this  pe/us  had  got  out  of  the  ovary.  The 
tubes  and  their  expanfions  appeared  a  little  more 
fwoln  and  fpongy  than  ufual,  one  of  the  ovaries 
was  about  the  bignels  of  a  wallnut,  a  little  pointed 
at  the  end,  and  the  fides  were  of  a  hard  fubftance, 
fet  with  veficles  and  fome  whitifh  points.  All  the 
reft  of  the  ovary  was  of  a  fpongy  nature,  covered 
with  a  fmooth  and  very  thin  membrane,  inter¬ 
mixed  with  feveral  blood- veftels.  On  one  of  the 
ftdes  of  the  veficular  fubftance,  there  appeared  a 
dark  yellow  fpot,  of  the  fize  of  a  lentil,  and  I 
thought  it  might  be  the  place  where  the  petus  got 
out.  I  blowed  into  it  with  a  pipe,  the  air  got  in, 
and  fwelled  the  whole  ovary,  I  prefted  it  to  make 
the  air  go  out,  and  drove  in  frefh.  Not  only  the 
ovary  fwelled  up  like  a  veficular  texture,  butalfo 
a  number  of  veftels,  which  feemed  to  come  one 
of  it.  I  found  them  to  be  blood-veftels.  I  made 
ufe  of  this  aperture  to  enter  into  the  ovary.  I 
there  found  feveral  cavities,  very  fmooth,  which 
appeared  like  little  bafons.  I  blowed  into  them 
as  faft  as  they  prefented  thcmfelves,  and  all  the 
veftels,  which  I  had  feen  before,  fwelled  in  like 
manner.  The  whole  middle  of  this  ovary  was  a 
fpongy  body,  which  was  very  eafily  detached  ;  it 
received  veftels  at  its  bafe,  and  fome  at  its  point. 

*  Sept.  7,  1701. 
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■There  ufually  appears  at  this  place  a  little  dent, 
fo  difpofed,  that  one  would  always  exped  to  find 
an  aperture.  At  laft,  being  willing  to  be  fure 
that  I  was  not  deceived,  and  thinking  of  a  good 
way  to  difcover  the  ova  without  breaking  their 
outer  covering,  and  how  this  membrane  grows  thin, 
and  opens  where  the  point  of  the  egg  is,  I  faw 
two  flits  at  fome  diftance  from  each  other,  very 
exadly  clofed  by  the  membrane  itfelf,  one  edge 
of  which  pafled  under  the  other  in  form  of  the 
fcale  of  a  fifli. 

To  know  whether  thefe  apertures  are  always 
found,  I  took  another  ovary,  which  feemed  to 
me  to  be  much  of  the  fame  nature,  and  not  being 
able  to  find  them  either  with  the  pipe  or  probe,  I 
made  one  myfelf  with  the  lancet.  But  it  was  in 
vain  to  blow  into  it,  for  the  air  did  not  pafs  either 
in  the  ovary  or  its  veflfels.  I  pierced  other  ovaries 
in  feveral  places,  and  always  in  vain,  which  made 
me  judge  that  thefe  apertures  are  not  always  found 
and  at  all  times.  However,  I  have  found^them 
fince  in  feveral  fubjeds,  as  I  fhall  mention  after¬ 
wards. 

To  demonftrate  the  ova  without  breaking  their 
outer  covenng,  the  ovary  muft:  be  parted  into  two 
by  degrees,  at  the  place  where  the  velTels  enter 
it.  Then  moft  of  the  ova  prefent  themfelves,  and 
we  have  the  plealure  of  feeing  and  obferving  in 
what  manner  the  membrane  is  thinned,  the  places 
where  it  is  opened  ;  and  to  conceive  eafily  how  it 
may  be  opened  at  the  time  of  maturity.  This  did 
not  feem  to  me  more  difficult  to  comprehend, 
than  the  manner  in  which  moft  pods  open,  to 
let  out  their  feeds. 

Having  opened  an  ovary,  the  bignefs  of  which 
depending  on  that  of  the  fpongy  body,  I  found 
in  the  inner  membrane  a  flit  covered  by  a  turn 
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of  the  fame  coat  in  form  of  a  fcale,  and  on  blow¬ 
ing  into  it,  I  obferved  that  the  air  raifed  the 
outer  membrane,  and  made  it  play. 

Continuing  to  labour  on  the  fame  fubje6t,  I 
found  an  ovary,  in  which  the  membrane  of  the 
point  of  the  fpongy  body  was  open  again.  I 
•  was  willing  to  be  fure  whether  this  aperture  com¬ 
municated  with  the  blood-veflels,  as  in  the  pre¬ 
ceding  obfervation.  I  blowed  in  at  the  fpermatic 
vein,  the  whole  ovary  fwelled,  and  I  faw  the 
wind  get  out  at  this  aperture.  The  fpongy  body 
juft  mentioned  feems  to  rife  from  the  extremity 
of  the  veffels,  juft  as  fome  muftirooms  grow  upon 
trees,  the  fponges  upon  briars,  and  the  galls  upon 
oaks,  by  the  aperture  made  by  the  pundure  of 
fome  infe(5t  in  fome  veftel  of  thefe  trees :  we 
may  fay  alfo,  that  the  little  bafon-like  cavities 
were  like  cups,  or  the  lodges  of  fome  ova^  which 
had  gotten  out,  with  the  mouths  of  their  veftels 
remaining  open ;  perhaps  at  laft  they  were  recep¬ 
tacles,  which  were  to  be  filled  with  air  and  fpi- 
rits,  at  certain  times,  to  give  more  play  to  thefe 
parts  in  the  time  of  enjoyment,  and  to  facilitate 
in  others  the  exit  of  the  ova,  Thefe  fads,  not- 
withftanding  their  being  fo  manifeft,  were  con- 
tefted  at  the  academy  by  part  of  the  anatomifts, 
and  they  were  defirous  to  fee  them  upon  nev/ 
fubjeds.  Happily  I  met  with  three  uteri  o^ cq\ns^ 
one  of  which  inclofed  a  foetus  of  about  3  weeks 
or  a  month.  In  another,  I  found  each  ovary  co¬ 
vered  with  the  hood,  and  embraced  by  the  ex> 
panfions  of  the  tube  ;  but  there  did  not  appear 
any  thing  particular  in  the  third, 

The  ovaries  of  the  portion,  which  inclofed  a 
fcetus^  were  very  different  from  each  other. 


VoL  .1.  8. 
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That  on  the  fide  where  the  fcetus  was,  feemed 
withered,  and  not  very  veficular,  and  the  upper 
part  was  even,  fniooth,  and  of  a  dark  yellow. 

The  other  ovary  was  ftretched,  entirely  vefi- 
cular,  and  in  a  manner  tranfparent. 

There  was  obferved  at  the  point  of  the  firft  o- 
vary  a  little  aperture,  fhaped  like  a  half  crefcent, 
of  which  one  return  fell  upon  the  other ;  I  drove 
fome  air  into  it,  but  it  did  not  fwell  the  ovary. 

At  the  lower  part  of  this  ovary,  we  perceived 
near  an  ovum.,  a  little  red  cicatrix.,  the  flcin  ap¬ 
peared  thinned,  and  we  difcovered  a  little  aper¬ 
ture  in  it,  which  was  alfo  fhaped  like  a  half  cre¬ 
fcent.  The  wind,  which  was  driven  into  it, 
made  one  of  the  edges  rife,  but  it  did  not  pene¬ 
trate  quire  into  the  ovary. 

As  this  little  aperture  was  at  the  place  of  the 
egg,  where  the  skin  is  ufually  found  thinned,  and 
as  the  air  did  not  penetrate,  I  opened  the  ovary 
into  two  parts,  at  the  place  where  the  velTels  en¬ 
tered,  and  the  ovum  Hill  half  covered  with  its 
cup,  remained  faflened  only  to  the  place  where 
it  appeared  externally  tranfparent. 

After  having  emptied  the  liquor,  I  drove  in 
fome  air,  the  membrane  rofe,  and  the  air  got 
out  from  between  the  cup  and  the  ovum.,  by  the 
exterior  aperture,  which  1  have  deferibed,  and 
the  wind  filled  the  membrane  of  the  ovum. 

To  confirm  myfelf  in  this  experiment,  I  re¬ 
peated  it  feveral  times,  and  it  always  fucceeded. 

I  afterwards  examined  the  ovaries  wrapped  up 
in  the  expanfions  of  the  tube,  I  blowed  into  it,  and 
the  hood  rofe.  Having  opened  one  of  thefe  o- 
varies,  I  found  a  great  many  fibres  in  it,  fo  clofe- 
ly  faflened  to  its  membrane,  that,  when  we  would 
have  feparated  them,  they  tore  in  feveral  places, 
which  made  me  llifpecd:  this  difpofiuon  not  to  be 

3  natural. 
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natural.  This  ovary  indofed  a  Ipongious  body, 
and  a  great  number  of  vefides,  the  greateft  part 
of  which  feemed  half  come  out  of  their  cups  *,  and 
when  I  blowed,  the  air  paffed  between  the  mem- 
brane  of  the  ovum  and  the  cup.  I  afterwards 
opened  the  covering  of  the  other  ovary  ;  on 
one  of  its  Tides,  the  point  appeared  red,  like  a 
fruit  of  the  winter  cherry  in  its  bladder  ;  it  was 
the  Tpongy  body,  the  point  of  which  was  ex¬ 
tremely  foft,  and  open  on  one  of  its  Tides.  Very 
near  to  a  Tmall  red  cicatrix  there  was  an  ovum 
raiTed,  which  preTented  itTelf  like  the  point  of  an 
acorn,  when  it  begins  to  come  out  of  its  cup. 

When  we  blowed  againft  the  little  cicatrix^ 
we  Taw  a  Tmall  membrane,  Hiaped  like  a  half 
crefeent,  which  palTed  over  the  place  of  the 
ovum^  that  was  flill  in  the  ovary.  This  ovary 
being  kept  for  fome  days,  the  eggs  grew  wither¬ 
ed,  and  when  we  went  to  prefs  them,  they  rofe 
again,  and  partly  came  out  of  the  membrane. 
On  t}\e  other  edge  of  the  ovary  there  appeared 
alfo  two  other  eggs  raifed. 

There  were  feveral  fibres  of  the  expanfion  of 
the  tube  about  the  bafe  of  the  fpongy  body  ;  fo 
that  we  could  fee  but  one  half  of  them. 

After  having  found  feveral  other  ovaries, 
•Opened  at  the  point  of  the  fpongy  body,  I  drove  ' 
fome  air  into  them,  which  made  them  Twell,  and 
came  out  either  by  the  blood-vefiels  or  Tpermatic 
vefiTels. 

There  was  in  one  of  the  biggefi:  ovaries  that 
could  be  found,  a  red  procefs,  the  point  of  which 
rofe  out  of  the  furface,  when  it  was  prelTed  on 
the  Tides  *,  it  was  the  membrane  that  covers  the 
ovum  before  its  getting  out.  It  was  alfo  fo 
empty,  that,  when  we  blowed  againft  it,  it  was 

O  o  2  im- 
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immerged  in  the  ovary,  and  eafily  fhewed  the 
whole  cavity  of  the  ovum  which  had  got  our. 

In  another  large  ovary,  which  I  had  preferved 
in  brandy,  I  obferved  that  the  ova  were  all  wi¬ 
thered,  and  that  the  exterior  membrane  funk  in¬ 
wards,  in  fuch  a  manner  that  we  could  eafily 
count  them.  Having  dipped  this  ovary  in  wa¬ 
ter,  I  blowed  by  the  fpermjitic  vein,  and  faw 
that  not  only  the  ovary  fwelled,  but  that  there 
was  alfo  two  large  ova  among  others,  which 
fwelled  as  far  as  their  coverings  could  extend, 
thefe  eggs  feemed  externally  difeinguilhed  from 
the  reft,  by  their  figure  and  by  their  circum¬ 
ference. 

All  that  I  have  faid  here  has  been  obferved  by 
me  alfo  in  ftieep,  in  the  beginning  of  their  preg¬ 
nancy. 

An  explanation  of  the  figures, 

Plate  XV.  Fig.  2.  A.  The  ovary,  upon  which 
are  fhewn  ova  of  different  fizes,  which  are  known 
by  their  tranfparence. 

B.  The  extremity,  or  the  point  of  the  fpongy 
body,  open  at  its  upper  part  marked  C. 

D.  D.  The  aperture  of  the  expanfion  of  the 
tube. 

O.  O.  O.  O.  Flefhy  fibres  about  the  expan¬ 
fion  of  the  tube. 

E.  The  expanfion  of  the  tube,  as  it  appeared 
when  it  was  blown  into,  fupported  by  the  mem¬ 
brane,  which  forms  the  hood. 

F.  F.  F.  The  tube. 

G.  The  infertion,  or  entrance  of  the  tube  into 
the  cornu  uteri. 

H.  One  end  of  this  horn. 

LI.  1.  1. 1. 1. 1.  I.  71ie  fpermatic  veins  blown 
up  by  ihe  air  driven  in  by  the  natural  aperture 

C; 
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C ;  which  I  have  difcovered  and  demonftrated 
upon  feveral  fubie6i:s. 

K.  The  fpermatic  artery. 

Fig^  A.  The  extremity  of  the  cornu  uteri, 

B.  B.  B.  The  tube.  • 

C.  The  expanfion  ,of  the  tube  raifed  to  fhew 
the  aperture,  the  flefhy  fibres,  and  other  neigh¬ 
bouring  parts,  faftened  to  the  ovary  marked 

O.  O. 

D.  D.  D.  D.  D.  Flefhy  fibres,  feveral  of  which 
are  faftened  to  the  ovary  marked  O.  O. 

E.  E.  Two  ova^  a  part  of  which  was  on  the 
outfide,  the  membrane  of  the  ovary  and  the  other 
part  on  the  infide,  appearing  like  the  point  of 
an  acorn  out  of  its  cup. 

F.  An  aperture  ftiaped  like  a  half  crefcent, 
which  has  been  mentioned  feveral  times. 

Fig.  4.  Is  an  ovary  uncovered. 

A.  A.  A.  A  great  fpongy  body,  of  which, 

I.  I.  Is  the  point. 

R.  The  aperture,  which  is  found  fometimes, 
and  almoft  always  at  certain  feafons. 

N.  The  entrance  of  a  cavity,  which  leads  to 
the  outer  part,  which  is  feen  only  by  blowing. 

P.  P.  Half  the  ovary,  wherein  are  feen  fe¬ 
veral  eggs,  almoft  detached  from  their  cup. 

Fig.  5.  Is  an  ovary  feparated  at  the  place 
where  the  vefiels  enter,  where  eggs  of  different 
fizes  are  feen. 

T.  T.  Is  an  ovum  emptied  of  liquor,  to  fliew 
how  much  the  membrane  of  the  ovary  is  thinned, 
at  the  place  where  the  egg  nuift  go  out. 

Fig.  6.  A.  A.  A.  A.  A.  A.  A  part  of  the  cornu 
uteri. 

S.  S.  S.  S.  S.  The  hood,  which  exadfly  em¬ 
braces  the  ovary  on  all  fides. 

O.  O.  O.  O.  O.  O.  The  tube,  of  which  the  ex¬ 
panfion  is  hidden  by  the  hood,  Fig. 
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Fig.  7.  fliews  another  ovary,  which  was  alfo 
embraced  and  hidden  by  the  hood. 

A.  A.  A.  A.  Part  of  the  cornu  uteri, 

B.  B.  B.  B.  The  hood  opened. 

C.  C.  C.  The  ovary,  upon  which  are  feen  fe- 
veral  eggs,  one  of  which  appeared  to  be  raifed. 

D.  The  fpongy  body. 

I.  The  place  where  it  was  opened. 

X.  An  aperture  fhaped  like  a  half  crefcent,  of 
which  the  edge  was  raifed,  which  paffes  over  the 
egg  when  it  is  blown  into  thro’  a  pipe. 

Fig,  VIII.  and  IX.  reprefent  an  ovary  on  the 
outfide  and  infide. 

Fig,  VIII.  A.  A.  The  fpongy  body  feparated 
from  the  veficular  membrane  or  ovary. 

B.  B.  The  part  of  the  ovary,  where  the  ova 
were. 

C.  C.  The  two  apertures  lhaped  like  a  half 
crefcent. 

Fig,  IX.  A.  A.  The  fame  ovary  feen  on  the 
infide,  in  which  feveral  ova  are  difcovered. 

B.  B.  An  egg  emptied  of  the  liquor,  which 
fhews  by  blowing  in  ^with  a  pipe  the  neareft  ex¬ 
ternal  aperture  to  the  fpongy  body. 

VI.  On  the  circulation  of  the  blood  in  thofe 

fifes  which  have  gills  ^  a72d  on  their  refpi^ 

ratio}!,,  by  M,  du  Verney  fenior"^ , 

It  is  known  by  every  body,  that  the  heart  of 
all  fiflies,  which  do  not  breath  air,  has  but  one 
cavity,  and  confequently  but  one  auricle,  at  the 
outlet  of  the  veflel  which  returns  the  blood. 
That  of  the  heart  of  the  carp  is  applied  to  the 
left  fide. 

The  flefh  of  the  heart  is  very  thick  in  propor- 
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tlon  to  its  bulk,  and  its  fibres  are  very  compad  : 
thus  it  has  need  of  a  very  ftrong  adtion  for  the  cir¬ 
culation,  as  we  fhall  fee  hereafter. 

Every  one  knows  what  gills  are ;  but  every 
one  does  not  know,  that  thefe  parts  ferve  for 
Jungs  to  fifhes.  Their  fabrick  is  compofed  of  4 
ribs  on  each  fide,  which  move  upon  themfelves 
in  opening  and  fhutting,  and  alfo  with  regard  to 
their  upper  and  lower  fupports,  in  receding  from 
and  approaching  towards  each  other.  The  con¬ 
vex  fide  of  each  rib  is  charged  on  both  its  edges 
with  two  forts  of  lamina:^  each  of  which  is  com¬ 
pofed  of  a  row  of  narrow  lamelU^  ranged  and 
locked  againfl  each  other,  which  form  as  it  were 
fp  many  beards  or  fringes,  like  the  vanes  of  a 
feather  *,  and  thefe  fringes  are  properly  called  the 
lungs  of  the  fifhes. 

Here  is  a  very  extraordinary,  and  very  lingu¬ 
lar  fituation  of  the  parts.  The  thorax^  as  well  as 
the  lungs,  is  in  the  mouth  ;  the  ribs  bear  the 
lungs,  and”  the  animal  breaths  water. 

The  extremities  of  thefe  ribs,  which  are  to¬ 
wards  the  throat,  are  joined  together  by  feveral 
little  bones,  which  form  a  fort  of  Jiernum  ;  in 
fuch  fort  however,  that  the  ribs  have  a  much 
freer  play  upon  the  fiernum^  and  can  recede  from 
each  other  much  more  eafily  than  thofe  of  men, 
and  that  the  Jiernum  can  be  raifed  and  depreffed. 
The  other  extremities,  which  are  towards  the 
bafe  of  the  fkull,  are  alfo  joined  by  fome  little 
bones,  which  are  articulated  with  this  bafe,  and 
can  recede  from  it,  or  approach  to  it. 

Each  rib  is  compofed  of  two  pieces,  joined  by 
a  very  fupple  cartilage,  which  in  each  of  thefe 
parts  is  what  the  hinges  are  in  mechanical  works. 

The  firfl  piece  is  bent  into  an  arch,  and  its 

length 
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length  is  about  a  fixth  portion  of  the  circle  of 
which  it  would  be  a  part. 

The  fecond  almofl  defcribes  a  capital  Roman  S. 

The  convex  part  of  each  rib  is  hollowed  like  a 
gutter,  and  the  veffels,  which  I  fhall  ’mention 
afterwards,  run  along  this  gutter. 

Each  of  the  laminae,  of  which  the  lamellae  are 
compofed,  is  of  the  figure  of  a  fcythc,  and  at 
its  origin  it  has  a  foot,  which  refts  only  by  its 
extremity  on  the  edge  of  the  rib. 

Each  of  thefe  lamina  is  compofed  of  135 
lamell^^  thus  the  16  contain  8,640  furfaces, 
which  1  reckon  here,  becaufe  the  2  furfaces  of 
each  lamella  are  cloathed  all  over  with  a  very- 
fine  membrane,  upon  which  are  made  almofb 
innumerable  ramifications  of  the  capillary  veffels 
of  thefe  forts  of  lungs. 

I  have  fhewed  the  company,  that  there  are 
46  mufcles  employed  in  the  motions  of  thefe 
ribs;  8  of  them  dilate  the  interval,  and  16  con- 
trad:  it,  6  inlarge  the  arch  of  each  rib,  and  12 
contrad:  it,  and  at  the  fime  time  deprefs  the 
fternum\  and  the  other  4  raife  it  up. 

The  gills  have  a  large  aperture,  upon  which 
is  placed  a  cover  compofed  of  an  affemblage  of 
feveral  pieces  ;  it  has  the  ufe  of  the  leather  of  a 
pair  of  bellows,  and  each  cover  is  formed  with 
fuch  artifice,  that,  in  feparating  from  each  other, 
they  bend  outwards  to  augment  the  capacity  of 
the  mouth,  whilft  one  of  their  pieces,  which 
plays  on  a  fort  of  knee,  keeps  the  apertures  of 
the  gills  dole,  and  opens  them  only  to  give 
paffage  to  the  water  which  the  animal  has  re- 
fpired,  which  is  done  at  the  fame  time  that  the 
cover  is  depreiTed  and  contrad:ed. 

There  are  2  mufcles,  Vv^hich  ferve  to  raife  this 

c  over. 
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cover,  and  3  which  ferve  to  deprefs  and  con¬ 
tract  it. 

I  have  juft  faid,  that  the  aftemblage,  which 
compofes  the  ftruClure  of  the  covers,  makes 
them  capable  of  bending  outwards.  I  fliall 
add  2  other  circumftances.  i.  That  the  part  of 
this  cover,  which  affifts  in  forming  the  under 
part  of  the  throat,  is  plaited  like  a  fan  upon  lit¬ 
tle  bony  lamellae ^  to  ferve,  as  it  unfolds,  for  the 
dilatation  of  the  throat  in  the  infpiration  of  the 
water.  2.  That  each  cover  is  cloathed  both 
.  within  and  without  by  a  fkin  which  adheres 
Very  clofely  to  it.  Thefe  2  flcins  joining  together, 
are  prolonged  to  about  2  or  3  lines  beyond  the 
circumference  of  the  cover,  and  diminifli  con¬ 
tinually  in  thicknefs.  This  prolongation  is  much 
larger  under  the  throat,  than  towards  the  top  of 
the  head.  It  is  very  fupple,  that  it  may  be  ap¬ 
plied  the  more  exaClly  to  the  aperture  upon 
which  it  refts,  and  to  keep  .  it  fliut  at  the  firft 
moment  of  the  dilatation  of  the  mouth  for 
refpiration. 

The  artery,  which  comes  out  of  the  heart, 
dilates  itfelf  in  fuch  a  manner,  as  to  cover  the 
whole  hafis  of  it ;  and  then  contracting  gradu¬ 
ally  it  forms  a  fort  of  cone.  At  the  place  v/here 
it  is  thus  dilated,  it  is  furnifhed  on  the  infide 
with  feveral  fleftiy  columns,  which  may  be  con- 
fidered  as  fo  many  mufcles,  which  make  of  this 
part  of  the  aorta  a  fort  of  fecond  heart,  or  at 
leaft  a  fort  of  fecond  ventricle,  which  joining  its 
preflure  to  that  of  the  heart,  doubles  the  force  ne- 
celTary  for  the  diftribution  of  the  blood,  in  order 
to  the  circulation. 

This  artery  rifing  by  the  interval  between  the 
gillsi  makes  over  againft  each  pair  of  ribs  on 
each  fide,  a  great  branch,  which  runs  in  the 
VoL.  1.  8.  Pp  gwer 
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gutter  hollowed  on  the  outer  furface  of  each 
ribj  from  one  extremity  of  the  lamina  to  the 
other.  This  is  the  courfe  of  the  aorta  in  the 
animals  of  this  kind.  The  aorta^  which  in  other 
animals,  carries  the  blood  from  the  centre  to 
the  circumference  of  the  whole  body,  runs  in 
thefe,  no  farther  than  from  the  heart  to  the  ex¬ 
tremity  of  the  gills,  where  it  ends. 

This  branch  furnifhes  as  many  twigs,  as  there 
are  lamella  on  each  edge  of  the  rib.  The  great 
branch  ends  at  the  extremity  of  the  rib,  as  has 
been  faid,  and  the  twigs  end  at  the  extremity 
of  the  lamelU^  to  which  each  of  them  is  diftri- 
buted. 

Each  twig  of  an  artery,  rifes  along  the  inner 
edge  of  each  lamella  of  the  2  lamina  placed  upon 
each  rib,  that  is,  along  both  edges  of  the  lamella^ 
which  are  towards  each  other,  thefe  2  twigs  in- 
ofculate  in  the  middle  of  their  length  ;  and  con¬ 
tinuing  their  courfe,  reach  as  I  have  faid,  to  the 
point  of  each  lamella.  There  each  twig  of  the 
extremity  of  the  artery,  finds  the  mouth  of  a 
vein  ;  and  thefe  2  mouths  being  immediately  ap¬ 
plied  to  each  other,  and  making  but  one  canal, 
notwithftanding  the  different  confidence  of  the  2 
veflels,  the  vein  goes  do«Vn  upon  the  exterior 
edge  of  each  lamella.^  and  being  come  to  the 
bottom  of  the  lamella.^  it  pours  its  blood  into  a 
great  venal  vefiel,  couched  near  the  branch  of  the 
artery,  in  the  whole  extent  of  the  gutter  of  the 
rib.  But  it  is  not  only  by  this  immediate  inof- 
culation  of  the  2  extremities  of  the  artery  and 
the  vein,  that  the  artery  dlfcharges  itfelf  into  the 
vein,  but  alfo  by  its  whole  courfe,  in  the  fol¬ 
lowing  manner. 

The  twig  of  the  artery  upon  the  edge  of  each 
lamella  throws  off,  thro’  its  whole  courfe,  upon 

the 
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the  flat  of  each  lamella  on  both  Tides,  an  infi¬ 
nite  number  of  veflels;  which  parting  by  pairs 
from  this  twig,  one  on  one  fide,  and  the  other 
on  the  other,  each  of  them  on  its  own  fide  goes 
ftrait  to  the  vein,  which  defcends  upon  the  op- 
pofite  edge  of  the  lamella^  and  inofculates  with 
it  by  an  immediate  contad.  It  is  thus  that  the 
blood  pafles  in  this  kind  of  animals,  from  th“ir 
pulmonary  arteries  into  their  veins  from  one  end 
to  the  other.  Their  arteries  are  true  arteries, 
both  by  their  ftrudure,  and  by  their  carrying 
the  blood.  Their  veins  are  true  veins,  both  by 
their  receiving  the  blood  from  the  arteries,  and 
by  the  extreme  delicacy  of  their  confillence.  Thus 
far  there  is  nothing  but  what  is  in  the  ufual  ceco- 
nomy.  But  the  fingularicies  are,  i.  the  imme¬ 
diate  inofculation  of  the  arteries  with  the  veins, 
which  is  found  indeed  in  the  lungs  of  other  ani¬ 
mals,  efpecially  in  thofe  of  frogs  and  tortoifes, 
but  is  not  To  manifefl  as  in  the  8;ills  of  fifhes. 
2.  The  regularity  of  the  diftribucion,  which  ren¬ 
ders  this  inofculation  more  vifible  in  this  kind  of 
animals;  for  all  the  branches  of  arteries,  rifing 
along  the  lamella  upon  the  ribs,  are  as  ftrait,  and 
as  equally  diftant  from  each  other,  as  the  lamellae. 
The  tranfverfe  capillary  twigs,  which  part  from 
thefe  branches  at  right  angles,  are  equally  diftant 
from  each  other  ;  fo  that  the  diredion  and  the  in¬ 
tervals  of  thefe  velfels,  both  the  upright  and  the 
tranfverfe,  being  as  regular,  as  if  they  had  been 
drawn  by  rule  and  compafs,  we  follow. them  with 
the  eye  and  with  the  microfcope.  Wc  fee  there¬ 
fore  that  the  tranfverfe  arteries  end  immediately 
in  the  body  of  the  defcending  vein,  and  each  of 
thefe  veins,  having  received  the  blood  from  the 
tranverfe  capillary  arteries  on  each  fide  of  the 
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lamella^  inofculates  diredlly  with  the  trunk  of  the 
vein  couched  in  the  gutter. 

It  liiuft  be  confeffed,  that  this  diftribution  is 
very  fmgular :  but  what  follows  is  more  fo, 
Thefe  trunks  of  veins,  full  of  arterial  blood, 
coming  out  on  each  fide  by  their  extremity, 
which  is  towards  the  bafis  of  the  cranium^  take 
the  confiftence  and  thicknefs  of  arteries,  and  unite 
themfelves  again  by  pairs  on  each  fide.  That  of 
the  firft  rib  furniflies,  before  its  reunion,  fome 
branches,  which  diftribute  the  blood  to  the  or¬ 
gans  of  fenfation,  the  brain,  and  neighbouring 
parts,  and  by  this  means  performs  the  fundlions, 
which  belong  to  the  afcending  aorta  in  quadrupeds, 
then  it  joins  itfelf  again  to  that  of  the  fecond  rib, 
and  thefe  two  together  make  but  one  trunk,  which 
running  along  the  bafts  of  the  cranium^  receives 
again  on  each  fide  another  branch  formed  by  the 
reunion  of  the  veins  of  the  third  and  fourth  parts 
of  the  ribs,  and  altogther  make  but  one  trunk. 

Afterwards  this  trunk,  all  the  roots  of  which 
v/ere  veins  in  the  lungs,  becoming  an  artery,  by 
its  coat  and  office,  continues  its  courfe  along  the 
vertebra;  ;  and  diflributing  the  arterial  blood  to 
all  the  other*-  parts,  performs  the  fundtion  of  a 
defcending  aorta,  and  the  arterial  blood  is  by 
this  means  equally  diftributed  to  all  the  parts,  to 
nourifh  and  animate  them  ;  and  there  are  roots 
of  veins  every  where,  which  take  up  the  refidue 
again,  and  carry  it  back  by  feveral  trunks  formed 
bv  the  union  of  all  thefe  roots,  to  the  common 
refervoir,  which  muft  return  it  to  the  heart  i  thus 
the  circulation  is  finifhed  in  thefe  animals. 

But  what  increafes  the  fingularity,  is  that  thefe 
very  pulmonary  veins  coming  out  of  the  gutter 
of  the  ribs  by  their  extremity  towards ^he  throat, 
prefervethe  coat  and  fundion  of  veins,  by  bring- 
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ing  back,  into  the  recepticle  of  all  the  venal 
blood,  a  portion  of  the  arterial  blood,  wliich 
they  have  received  from  the  pulmonary  '^rteries. 

As  the  motion  of  the  jaws  contribur-s  alfo  to 
the  refpiration  of  fifhes,  it  will  not  be  amifs  to 
obferve,  that  the  upper  one  is  moveable,  that 
it  is  compofed  of  feveral  pieces,  which  are 
naturally  engaged  in  each  other,  in  fuch  a  man¬ 
ner,  that  they  may,  by  unfolding,  dilate  and  pro¬ 
long  the  upper  jaw. 

All  the  parts,  which  ferve  for  the  refpiration 
of  the  carp,  amount  to  fo  furprifing  a  number, 
that  it  cannot  be  amifs  to  enumerate  them  in  this 
place. 

The  bony  parts  are  in  number  4386:  and 
there  are  69  mufcles. 

The  arteries  of  the  gills,  befidcs  their  eight 
principal  branches,  divide  into  4320  twigs ;  and 
each  twig  makes  on  each  fide,  on  the  flat  of  each 
lamella^  an  infinite  number  of  tranfverfe  capil¬ 
lary  arteries,  the  counting  of  which  will  not  be 
difficult,  and  will  much  exceed  all  thefe  num¬ 
bers  together. 

There  are  as  many  nerves  as  arteries,  the  rami¬ 
fications  of  the  firfl  exadly  following  thofe  of  the 
reft. 

The  veins,  as  well  as  the  arteries,  befides  their 
eight  principal  branches,  make  4320  twigs, 
which  are  mere  tubes,  and  differ  from  the  twigs 
of  the  arteries,  in  not  forming  any  tranfverfe  ca¬ 
pillary  veflfels. 

The  blood,  which  is  brotisht  back  from  all 
the  parts  of  the  body  of  fifhes,  enters  the  recep¬ 
tacle,  into  which  all  the  veins  empty  hemfelves 
into  the  auricle,  and  thence  into  the  heart ;  v/hich, 
by  its  contradtion,  drives  it  into  the  aorta^  aiid 
into  all  the  ramifications,  v/hich  it  makes  upon 

the 
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the  lamellcs  of  the  gills :  and  as  at  its  origin  it  is 
furnilhed  with  feveral  very  thick  flefliy  columns, 
which  contrail  immediately  afterwards;  it  fe- 
conds  and  fortifies  by  its  compreflion  the  aftion 
of  the  heart,  which  is  to  drive  the  blood  with  much 
more  force  into  the  tranfverfe  capillary  twigs,  fi- 
tuated  on  each  fide,  upon  all  the  lamellae  of  the 
gills. 

It  has  been  obferved,  that  this  artery  and  its 
branches  run  only  from  the  heart  to  the  extre¬ 
mity  of  the  gills.  Thus  this  redoubled  ftroke  of 
a  piflon  muft  fuffice  to  drive  the  blood,  with 
impetLiofity,  into  this  infinite  number  of  little  ar¬ 
teries,  fo  ftrait  and  fo  regular,  where  the  blood 
finds  no  other  obftacle  than  meer  contadt ;  and 
not  the  fhock  and  the  refledions,  as  in  other  ani¬ 
mals,  where  the  arteries  are  ramified  a  thoufand 
ways,  efpecially  in  their  laft  fubdivificns. 

So  much  for  the  paffage  of  the  blood  into  the 
lungs :  it  remains  for  me  now  to  fpeak  of  the 
preparation  of  it. 

I  fuppofe,  that  the  particles  of  air,  which  are  in 
water,  as  water  is  in  a  fponge,  are  able  to  dif- 
engage  themfelves  from  it  feveral  ways.  i.  By 
hear,  as  we  fee  in  boiling  water.  2.  By  the 
weakening  of  the  fpring  of  the  air,  which  preffes 
the  water,  in  which  thefe  particles  of  air  are  en¬ 
gaged,  as  we  fee  in  the  air-pump.  3.  By  the 
agitation  and  extreme  divifion  of  the  water, when  it 
has  any  degree  of  heat. 

We  cannot  queftion  there  being  a  great  deal  of 
air  in  the  bodies  of  fiflies,  and  that  this  air  is  very 
neceffary  for  them.  Both  thefe  are  fhewn  by  the 
air-pump. 

1  put  a  very  brifk  tench  into  a  veiTel  full  of 
water,  which  was  placed  under  a  receiver  ;  and 
.after  having  given  5  or  6  flroaks  of  the  pifton, 
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we  obferved  that  tci'ch  vaft  ;.^uite  covered 
with  an  infinite  nu  ber  '  b  ..ibblesof  air, 
which  got  out  :  "r"  ?bales;  lb  that 

the  whole  body  b  leo  ;/  v  I  jjearls.  There 
alfo  got  our;  a  verv  gre  ,  ;  r  by  the  gills, 
much  bigger  than  :hoL  :  b*' ;  furface  of  the 
body.  At  laft  fome  c’,^t  ;  a  by  the  mouth,  but 
in  lefs  quantity.  to  pump  anew  two 

or  three  tir-jcs  ficcefilv  1;  /e  obferved  that  the 
fifli  was  agitated  and  torn  r/ux'.in  an  extraordinary 
manner,  and  that  it  bn  d  ei  more  frequently. 
After  having  fpent  a  full  ^|uartcr  of  an  hour  in 
this  condition,  it  grew  languid,  the  whole  body 
and  even  the  gills  having  no  longer  any  fenfible 
motion.  Then  taking  the  veflel  from  under  the 
receiver,  we  threw  the  Hfb  into  common  water, 
where  it  began  to  breath  and  fwim,  but  faintly, 
and  it  was  a  long  time  in  returning  to  its  natural 
Hate. 

I  made  the  fame  experiment  on  a  carp.  I 
put  it  into  the  fame  machine,  and  having  pumped 
the  air  3  or  4  times,  as  we  had  done  from  the 
tench,  the  fifb  began  at  firft  to  be  agitated  *,  the 
whole  furface  of  the  body  became  pearled,  there 
came  out  of  the  mouth  and  gills  an  infinite  num¬ 
ber  of  very  large  bubbles  of  air,  and  the  region 
of  the  air-bladder  fwelled  very  much. 

Tho’  this  carp  was  bigger  than  the  tench,  the 
beating  of  the  gills  ceafed  fooner.  When  we  be¬ 
gan  to  pump  again,  the  gills  began  to  beat  again, 
but  only  for  a  little  while,  and  very  faintly.  Ac 
laft  it  continued  without  any  motion  ;  and  the 
region  of  the  bladder  became  fo  fwoln  and  fo 
ftretchal,  that  the  row  began  to  come  out  at  the 
mna.  This  lafted  about  ~  of  an  hour,  when  it 
died,  being  grown  very  flat.  Having  opened  it 
we  found  the  bladder  burft.  ^ 

We 
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We  alfo  found  by  experiraent.  that  a  filh  be-' 
ing  put  into  water  purged  of  air,  cannot  live  there 
long. 

Befides  thefe  experiments,  which  may  be  made 
in  the  air-pump,  here  ar;!  others,  which  prove 
alfo  that  the  air,  wh|V:b  r  mixed  in  the  water, 
has  the  principal  Oiare  in  d  e  refpiration  of  fifhes. 

If  you  inclofe  feme  lifhes  in  a  glafs-veffel 
full  of  water,  they  l:vr-  lor  fome  time,  provided 
the  water  is  renewed  :  her  i "  you  cover  the  veffel, 
and  flop  it,  fo  that  the  cannot  get  in,  the 
fifhes  will  be  fthled.  Thi”  proves  that  the  water 
ferves  for  their  refpiration,  only  fo  far  as  it  has 
liberty  to  be  impregnated  with  air. 

Put  feveral  fiih  .  s  into  a  veffel,  which  is  not 
entirely  filled  aer,  if  you  clofe  it,  thefe 

fifhes,  which  ber  -re  ?wam  at  full  liberty,  and 
were  brifk,  will  be  agitated,  and  prels  towards 
the  upper  part,  to  reipire  that  portion  of  the  wa¬ 
ter,  which  is  nearefl  to  the  air. 

We  obferve  alfo,  that  when  the  furface  of  the 
ponds  is  frozen,  the  fifhes  die  fooner  or  later,  ac¬ 
cording  as  the  pond  is  of  greater  or  lefs  extent 
and  depth  ;  and  we  obferve,  that  when  the  ice  is 
broken  any  where,  the  fifhes  prefent  themfelves 
haftily  to  breathe  this  water  impregnated  with 
new  air.  Thefe  experiments  manifeftly  prove 
the  neceffity  of  air  for  the  refpiration  of  fifhes. 
Let  US  fee  now  what  paffes  in  the  time  of  this  re¬ 
fpiration. 

The  mouth  opens,  and  the  lips  advance,  and 
thereby  the  cavity  of  the  mouth  is  prolonged,  the 
throat  fwells,  the  coverings  of  the  gills,  which 
have  the  fame  motion  with  the  leathers  of  a  pair 
of  bellows,  feparating  from  each  other,  arch  out¬ 
wards  by  their  middle  only,  whilft  one  of  their 
pieces,  which  plays  upon  a  fort  of  knee,  keeps 
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the  apertures  of  the  gills  Ihut,  continually  raifing 
themfelves  a  little,  without  permitting  the  water 
to  enter ;  becaufe  the  little  fkin,  which  edges 
each  covering,  clofes  the  aperture  of  the  gills  ex¬ 
actly. 

All  this  increafes  and  inlarges  every  way  the 
capacity  of  the  mouth,  and  determines  the  wa¬ 
ter  to  enter  into  its  cavity,  juft  as  the  air  enters  by 
the  mouth  and  noftrils,  into  the  trachea  and  lungs, 
by  the  dilatation  of  the  breaft.  At  the  fame 
time  the  ribs  of  the  gills  open,  by  feparating  from 
each  other ;  their  arch  is  enlarged,  the  ftermm  is 
withdrawn  from  the  palate  and  fo  every  thing 
confpires  to  make  the  water  enter  the  mouth  in 
greater  quantity.  Thus  the  infpiration  of  fifties  is 
performed.  Afterwards  the  mouth  ftiuts ;  the 
li^s,  which  before  were  prolonged,  contrad  them¬ 
felves,  efpecially  the  upper  one,  which  folds  like 
a  fan,  the  lower  lip  fticks  to  the  upper  one  by 
means  of  a  little  Ikin  in  form  of  a  crefcent,  which 
falls  down  like  a  curtain,  and  hinders  the  water 
from  getting  out.  The  cover  is  flatted  upon  the 
aperture  of  the  gills.  At  the  fame  time  the  ribs 
clofe  againft  one  another,  their  arch  is  contradled, 
and  the  fternum  links  upon  the  palate. 

All  this  contributes  to  comprefs  the  water  which 
is  entered  into  the  mouth.  It  then  prefents  itfelf 
to  get  out  by  all  the  intervals  of  the  ribs,  and  by 
thofe  of  their  lamella^  and  it  paflfes  like  fo  many 
wires ;  and  by  this  motion  the  membranous  bor¬ 
der  of  the  covers  is  raifed,  and  the  water  being 
prelTed  efcapes  by  this  aperture.  Thus  the  ex¬ 
piration  is  performed  in  fifties.  We  here  fee,  that 
the  water  goes  in  at  the  mouth,  and  out  at  the 
gills  by  a  fort  of  circulation,  quite  contrary  to 
what  happens  in  quadrupeds,  in  which  the  air  goes 
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in  and  out  alternately  by  the  fame  aperture  of  the 

trachea. 

This  is  all  that  concerns  the  motions  of  the  re- 
fpiration  of  fifhes.  Let  us  now  purfue  the  courfe 
of  the  blood  in  the  gills,  and  fee  what  preparation 
it  there  receives. 

The  blood,  which  comes  out  of  the  heart  of 
the  carp,  fpreads  itfelf  in  fuch  a  manner  upon  all 
the  lamellae.,  of  which  the  gills  are  compofed, 
that  a  very  fmall  quantity  of  blood  prefents  it 
felf  to  the  water  under  a  very  great  furface  ;  that 
by  this  means  each  of  its  parts  may  more  eafily 
and  in  lefs  time  be  penetrated  by  the  particles  of 
air,  which  are  difengaged  from  the  water,  by  the 
extreme  divifion  that  it  fuffers  between  thefe  la^ 
mellce.  It  is  for  this  that  it  was  neceflary  not  only 
that  each  lamina  fhonld  have  fo  great  a  number 
of  them,  but  alfo  that  all  their  furfaces  fhould  be 
covered  with  tranfverfe  capillary  branches  of  the 
aorta. 

We  obferve  in  fome  meafure  the  fame  mecha- 
nifm  in  the  lungs  of  other  animals ;  for  they  are 
formed  of  a  prodigious  number  of  fmall  mem¬ 
branous  veficles,  which  fupply  the  place  of  la¬ 
mellae.,  they  are  interwoven  with  an  infinite  num¬ 
ber  of  fmall  vefifels,  which  make  the  blood 
fpread  itfelf  in  the  fubftance  of  the  lungs  in  fuch 
a  manner,  as  to  prefent  itfelf  to  the  air  under  a 
very  great  furface. 

But  the  number  of  thefe  vefifels  in  the  veficles  of 
the  lungs  does  not  come  near  the  number  of  thofe 
of  the  lamellae.  It  is  alfo  more  difficult  to  draw  air 
from  water,  than  to  breathe  pure  air,  fuch  as  en¬ 
ters  into  the  veficular  lungs. 

If  we  confider  the  extraordinary  concufiion  and 
divifion,  which  the  parts  of  air  fuller  in  the  time 
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is  then  that  the  air  enters  into  the  capillary  veflels 
of  the  gills.  It  is  therefore  probable,  that  the 
fame  thing  happens  in  the  lungs  of  other  animals  *, 
for  as  the  air  muft  have  fome  force  to  infinuate 
itfelf  into  the  vefTels,  it  does  not  appear  that  it 
can  enter  them  in  the  time  of  infpiration,  that  is, 
when  it  enters  naturally  into  the  lungs.  On  the 
contiary,  when  it  is  repelled  by  the  expiration, 
it  endeavours  to  efcape  on  all  fides ;  and  forcing 
all  the  obftacles  that  it  meets,  it  paffes  through 
the  thin  and  fine  membranes,  which  compofe 
the  veflels,  whilfl:  the  greateft:  part  of  this  air  goes 
out  again  by  the  trachea. 

The  difflculty,  with  which  thefe  fmall  parts  of 
air  pafs  through  the  pores  of  thefe  veflels,  com- 
prefles  their  fpring  ;  whence  it  follows,  that  when 
they  are  entered,  this  fpring  muft  difcharge  v/ith 
impetuofity  againft  the  particles  of  the  blood, 
which  are  then  deprefled,  agitated,  and  pounded 
with  violence ;  which  makes  them  fhock  toge¬ 
ther  every  way  ;  and  it  is  by  this  that  they  ac¬ 
quire  a  new  motion  of  liquidity  and  heat. 

If  this  is  true  in  the  animals  that  breath  air,  it 
muft  be  ftill  more  true  in  the  animals  that  breath 
water  ;  becaufe  here  the  air  is  otherwife  compref- 
fed,  than  the  free  air  is  which  they  firft  rcfpire  ;  fo 
that  the  great  reparation  of  thefe  particles  of  air 
fo  comprefled,  muft  in  fome  meafure  fupply  the 
lefs  quantity  of  air,  which  enters  into  the  veflels 
of  the  gills. 

When  we  confider  that  the  blood  of  the  veins 
of  the  gills  is  of  a  more  vermillion  red,  than  that 
of  the  aorta,,  we  eafily  judge,  that  it  is  there 
charged  with  fome  particles  of  air.  We  obferve 
in  other  animals  the  flime  difference  between  the 
blood  of  the  pulmonary  artery,  which  is  always 
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of  a  dark  red,  and  that  of  the  pulmonary  vein, 
which  is  always  of  a  very  bright  red. 

The  blood  thus  impregnated  with  particles  of 
air,  and  thereby  become  truly  arterial,  enters 
into  the  veins  of  the  gills ;  and  thefe  veins  com¬ 
ing  out  of  the  gutter  of  the  ribs  by  the  extremity, 
which  is  towards  the  hafis  of  the  cranium^  take 
the  confiftence  of  arteries,  and  diftribute  this  blood 
to  all  the  pans.  It  is  afterwards  taken  up  again 
by  the  veins  which  carry  it  to  the  heart. 

It  muft  not  be  forgot,  that  the  artery  which 
proceeds  from  the  heart,  has  a  pulfation,  whereas 
the  veflels,  which  perform  the  fundlion  of  the 
aorta^  have  none  at  all,  or  at  leaft  none  that  is 
fenfible.  i.  Becaufe  they  have  no  immediate 
communication  with  the  heart.  2.  Becaufe  the 
blood  paffes  from  a  fmall  tube  into  a  great  one. 
But  it  muft  alfo  be  confidered,  that  the  throwing 
of  the  blood  is  not  neceftary  for  the  nutrition 
of  the  parts,  for  which  it  is  fufticient  that  the 
blood  flows  with  a  gentle  courfe ;  as  it  is  al¬ 
fo  neceflary,  that  it  fhould  flow  otherwife  for 
its  diftribution  and  circulation,  efpecially  in  thofe 
animals,  where  it  is  rriuch  flower,  which  perfpire 
but  little,  and  can  live  a  long  time  without  any 
nourifhment. 

It  is  eafy  to  judge  by  all  that  has  been  juft  faid, 
that  the  fituation  and  conformation  of  the  lungs 
and  their  commerce  with  the  heart,  are  very  dif¬ 
ferent  in  the  different  fpecies  of  animals,  which 
was  not  unknown  to  Malpighi. 

In  there  are  particular  dudls,  which 

have  fo  near  a  communication  with  the  ventri¬ 
cles  of  the  heart,  and  the  head  of  the  veflels  of 
the  lungs,  that  they  make  almoft  all  the  nutri¬ 
tious  juices  of  the  mother  pafs  immediately  into 
the  cicrta^  which  diftributes  them  to  all  the  reft 
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of  the  body :  whereas,  after  the  birth,  all  the 
blood  of  the  veins  enters  into  the  right  ventricle, 
which  drives  it  immediately  into  the  lungs ;  from 
whence,  after  it  has  in  a  long  circuit  been  im¬ 
pregnated  with  particles  of  air,  it  paffes  into  the 
left  ventricle,  which  fpreads  it  immediately  by 
the  aorta  into  all  the  parts. 

In  tortoifes,  frogs,  and  other  animals  analo¬ 
gous  to  therffl,  f  of  the  blood  palfes  through  the 
lungs  at  each  circulation,  and  there  receives  all 
the  preparations  necelfary  for  the  functions  of 
life.  This  blood,  which  returns  from  the  lungs, 
mixes  afterwards  with  that  of  the  veins  in  the  ca¬ 
vity  of  the  heart,  where  this  laft  being  impreg¬ 
nated  with  the  adlive  parts  of  the  air,  which  the 
firfl:  received  in  the  lungs,  is  afterwards  diftribu- 
ted  by  the  aorta  to  the  whole  body. 

In  lilhes,  all  the  blood,  which  comes  out  of 
the  heart,  pafles  through  the  lungs,  where  being 
alfo  impregnated  with  the  a(5live  parts  of  the  air, 
it  afterwards  d^ributes  itfelf  through  the  whole 
body,  and  fo  far  this  circulation  is  conformable 
to  that  of  man.  Fiflies  however  have  but  one 
(ingle  ventricle  :  but  this  fingular  circulation  is 
occafioned  by  the  aorta^  performing  the  office  of 
the  pulmonary  artery,  and  by  the  pulmonary 
veins  becoming  arteries  and  performing  the  office 
of  the  aorta. 

In  infe6ls,  the  trachea.,  which  ferve  them  for 
lungs,  are  fpread  through  all  the  parts,  where 
they  are  ramified  after  the  manner  of  the  bron¬ 
chia  in  the  veficular  lungs ;  fo  that  whereas  in 
other  animals  the  air  borrowed  from  the  bronchia 
is  diftributed  into  all  the  parts  by  the  arteries,  it  is 
here  immediately  diftributed  into  the  juices  which 
are  adlually  in  each  part. 

The  realon  of  fo  furprifing  a  diftribution  comes 
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from  the  nature  of  the  liquors  contained  in  the 
tubes  of  thefe  animals,  which,  that  they  may 
be  extremely  glutinous  and  vifcid,  and  confequently 
very  fit  to  be  connected  together,  and  (tuck  to  the 
furface  of  their  veffels,  ought  to  be  impregnated, 
in  their  whole  courfe,  with  the  adtive  parts  of 
air,  to  facilitate  their  circulation,  and  render  them 
fit  for  nutrition. 

We  fee  by  this  enumeration,  that  the  fundions 
of  the  lungs  have  not  always  a  clofe  conne(5lion 
with  thofe  of  the  heart,  and  that  each  of  thefe 
parts  have  very  different  ufes,  with  regard  to  the 
blood. 

The  heart  is  only  for  the  motion,  which  we 
call  circulation.  The  lungs  favour  k  by  the  in- 
trodu6tion  of  the  particles  of  air,  and  alfo  by  the 
impLilfe  of  the  water  into  the  animals  in  queftion. 
But  its  principal  office  is  to  impregnate  the  blood 
with  air,  and  thereby  to  render  it  capable  of  car¬ 
rying  the  aliment,  life,  and  heat  all  over.  It  is 
for  this  reafon,  that  we  have  juft  ffiewn,  i.  That 
in  all  animals,  except  infedts,  the  blood  never 
paffes  from  the  heart  into  the  aorta^  without  hav¬ 
ing  paffed  through  the  lungs,  even  in  thtfeetus, 
in  the  manner  that  we  have  explained.  2.  That 
in  moft  it  muft  neceffarily  pafs  thither  entire,  as 
in  men,  quadrupeds,  birds,  and  fiffies.  3.  Or 
that  it  paffes  thither  in  part,  as  in  tortoifes,  frogs, 
And  it  is  neceftary,  that  at  leaft  j  of  the 
blood  fhould  pafs  through  the  lungs  of  thefe  ani¬ 
mals,  to  be  vivified  as  much  as  their  fundlions  re¬ 
quire. 

Laftly,  we  have  fliewn,  that  if  in  infe(5ls  there 
are  no  lungs  for  the  blood  to  pafs  through,  it  is 
becaufe  the  air  is  neceffiirily  mixed  in  all  their 
parts  with  the  nutritious  juices ;  fo  that  by  this 
mechanifm  each  part  ferves  for  lungs  to  itfelf. 
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I.  On  the  effe5is  of  the  elajlicity  of  the  air 
tn  gunpowder  and  thunder^  tranfated  by 
Mr.  Chambers. 


The  air,  which,  tili  of  late,  appeared  a 
fluid  almofl;  void  of  a6lion,^  is  now  found 
one  of  the  mofi  violent  and  univerfal  agents  in  all 
nature.  The  force,  for  infliance,  of  gunpowder, 
how  furprifing  foever,  is  only  the  force  of  the 
air.  There  is  air  inclofed,  or  rather  crowded 
and  imprifoned,  in  each  grain  of  the  powder ; 
and  there  is  likewife  air  in  all  the  intervals  be¬ 
tween  the  grains,  and  when  the  powder  takes  fire, 
the  fprings  of  all  thefe  little  portions  of  air  open 
and  unbend  thenifelves  all  at  once.  Thefe  fprings 
are  the  only  caufe  of  fuch  prodigious  efle(5ls,  the 
powder  only  ferving  to  light  a  fire  to  put  the  air 
in  acfliion ;  after  which  ’tis  the  air  alone  that  is 
to  do  all. 

Hence  M.  de  la  Hire  has  ventured  to  afcribe 
all  the  phoenomena  of  gunpowder  to  the  proper¬ 
ties  of  elaflicity,  the  principal  whereof,  or  at 
leafl:  thofe  of  moil  importance  in  his  enquiry,  arc 
as  follow. 

A  fpring,  for  inffance,  a  bended  leaf,  or  la¬ 
mella  of  fteei,  tends  to  unbend  itfelf  on  the  two 
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oppofite  fides  with  equal  violence,  it  requires  as 
certain  refiftancc  to  enable  it  to  exercife  its  whole 
force,  and  it  acts  fo  much  the  lefs,  as  the  body  it 
a6ls  agarnft  yields  or  gives  way  more  eafily.  A 
fpring,  in  fine,  has  a  greater  efie^t  on  one  fide, 
when  it  meets  with  a  refiftance  on  the  oppofite 
one. 

On  thefe  fuppofitions,  M.  de  la  Hire  firft  con- 
fid  ers  all  the  fprings  of  the  air  put  in  action  by 
the  fire  which  lights  the  powder  in  the  barrel  of 
a  gun  :  fome  philofophers  have  imagined,  that 
when  lighted  fuccefiively,  its  effort  is  greater  in 
the  part  where  it  was  firfl  kindled,  by  reafon  its 
violence  is  here  augmented  by  that  which  kindles 
afterwards :  but  this  muft  be  a  miftake  ;  for  ac¬ 
cording  to  the  remark  of  M.  de  la  Hire^  a  fpring 
refting  upon  another  equal  fpring,  and  refifted 
by  it,  has  all  the  force  it  is  capable  of,  nor  will 
receive  any  addition  by  any  number  of  other 
fprings  fucceeding  each  other,  either  to  fuftain  it, 
or  'to  fuftain  thofe  it  bears  upon.  On  the  contrary, ^ 
the  force  of  the  firft  may  perhaps  be  diminifhed, 
while  the  others  are  put  in  motion  ;  and  if  during 
this  fpace  of  time,  the  body  againft  which  they 
are  to  ad  begins  to  give  way,  their  adion  of  con- 
fequence  will  be  fo  much  the  weaker. 

’Tis  better  therefore  that  the  fprings  all  unbend 
together,  even  though  one  would  only  have  them 
ad  in  the  place  where  the  powder  firft  begins  to 
take  fire  ;  ’tis  evident  befides,  that  if  the  powder 
kindle  all  at  once,  a  greater  heat  will  arife,  and 
confequently  the  fprings  be  put  in  a  greater  ten- 
fion  ;  and  that  as  they  will  hereby  fuftain  each 
other  at  the  fame  time,  they  will  be  capable  of 
the.  greater  effort  towards  every  fide,  all  we  have 
to  be  apprehenfive  of  is  the  cannon’s  burfting,  by 
a  too  hafty  and  fudden  inflamation  of  the  whole 
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powder  ;  on  which  account  it  has  been  found  pror 
per  to  have  it  a  little  diminifhed. 

The  cannon  being  fuppofed  thick  enough  to 
refill  all  the  impulfe  direded  from  the  axis  of  the 
barrel  towards  its  circumference,  there  only  re¬ 
mains  that  which  is  in  the  direclion  of  the  breech 
and  mouth,  the  fprings  drive  equally  in  thofe  two 
contrary  ways,  and  hence  it  happens,  that  the 
cannon  rebounds  or  flies  backwards,  while  the 
ball  ilTues  the  other  way. 

The  force  therefore,  which  caufes  the  rebound, 
is  the  fame  as  that  which  caufes  the  motion  of 
the  ball,  whence  then  does  it  proceed,  that  the 
motion  of  the  ball  is  of  fo  great  an  extent,  and 
that  of  the  rebound  fo  little  ^  The  reafon  is, 
that  the  cannon  finds  much  more  oppofition  to  its 
moving  backwards,  than  the  ball  to  its  moving 
forwards  ;  and  as  the  two  effedis  arife  from  an 
equal  power,  the  way  pafied  over  by  the  ball,  is 
fo  much  greater,  than  that  paflfed  by  the  cannon, 
as  the  difficulty  of  its  moving  backwards  furpafies 
that  of  the  ball’s  moving  forwards. 

Hence  there  mull  be  a  great  refiftance  made  to 
the  rebound  of  the  cannon.  This  refiftance  we 
feem  to  have  from  the  fridlion  of  fo  heavy  a  ma¬ 
chine,  as  a  cannon  with  its  carriage  againft  the 
ground  ;  but  this  is  not  all,  for  the  refiftance  of  a 
motion  is  fo  much  the  greater,  as  this  motion  is 
quicker ;  and  when  its  quicknefs  is  fqch,  as  that 
the  refilling  power  has  no  time  to  give  way  in 
this  cafe,  a  body  very  weak  of  itfelf  may  do  the 
office  of  any  movable  obftacle.  Thus  it  is,  that 
the  air  and  water,  when  ftruck  fo  haftily,  and 
with  fuch  nimblenefs,  that  they  have  not  time  to 
recede,  become  fixed  points ;  one  of  th  m  for 
the  flight  of  birds,  and  the  other  for  the  a6lion  of 
oars  i  fo  a  ftaff  fufpended  at  the  two  ends,  by 

R  r  2  tWQ. 


3i6  History  Memoirs 

two  flender  threads,  may  be  ftrnck  in  the  middle 
with  fo  quick  a  motion,  as  to  break  it  in  two 
without  injuring  the  threads  it  was  fuftained  by 
for  the  fibres  of  fuch  threads  require  a  certain  time 
to  be  lengthened  and  extended,  fo  as  to  feparate, 
which  time  is  not  here  allowed  them  ;  befides, 
that  the  air  not  having  been  able  to  efcape  quick 
enough  from  behind  the  ftaff,  fuftained  it  as  it 
were,  and  thus  expofed  it  to  receive  the  whole  im- 
preftion  of  the  ftroke,  the  extreme  velocity  there¬ 
fore,  or  as  I  would  rather  call  it,  the  extreme 
fuddennefs  of  the  motion,  which  the  powder 
gives  the  cannon,  muft  augment  the  refiftancc 
made  to  its  rebounding,  either  by  the  ground, 
or  even  by  the  air,  if  a  cannon  were  fufpended, 
experience  fhews  us,  that  the  rebound  would  be 
very  great. 

A  rocket,  whofe  conftrudfion  I  here  fuppofe 
known,  is  only  a  little  light  cannon,  which  by 
the  impulfe  of  the  lighted  matter  it  contains,  re¬ 
bounds  upwards  in  the  diredfion  of  its  breech, 
and  this  with  the  fame  velocity,  as  that  where¬ 
with  the  combuftible  matter  ftreams  out  at  its 
mouth,  which  looks  downwards  in  effedl;  this 
rebound  is  the  rife  of  the  rocket. 

When  the  rocket  is  charged  with  all  its  matter, 
if  its  centre  of  gravity  were  above  the  centre  of 
its  figure,  with  regard  to  the  clofe  end,  which 
is  what  goes  foremoft,  it  would  follow  from  fome 
reafons,  laid  down  in  the  hiftory  of  lyoo 
that  as  foon  as  the  rocket  began  to  rife,  it 
would  defcribe  a  femicircle  in  the  air,  till  it 
became  upfide  down,  and  after  this  would  fall 
back  again,  by  reafon  the  clofe  end  which  makes 
the  rebound,  would  be  turned  towards  the  earth  ; 
now  it  being  impoffible  in  the  pradlice  to  deter¬ 
mine  the  precife  place  of  the  centre  of  gravity  and 
*  Pag.  191.0!  this  abridgment.  its 
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Its  pofition,  with  regard  to  its  centre  of  magni¬ 
tude,  recourfe  is  had  to  a  fhorter  and  eafier  ex¬ 
pedient,  a  ftick  is  tied  to  one  end  of  the  rocket, 
whofe  weight  is  fuch,  as  that  the  centre  of  gra¬ 
vity  of  the  rocket  and  ftick  taken  together,  falls 
a  little  below  the  aperture  of  the  rocket  *,  if  this 
centre  be  below  that  aperture  when  the  rocket  is 
intire,  it  will  be  more  below  it  ftill  when  it  rifes, 
fince  it  is  continually  difeharging  its  combuftible 
matters,  and  thus  becomes  lighterand  lighter.  This 
centre  therefore  is  always  defeendingin  proportion 
as  the  rocket  rifes  ,  and  thus  makes  it  preferve  a 
diredl  motion. 

M.  de  la  Hire  confefles  to  the  glory  of  that 
vague  and  inaccurate  experience,  which  produced 
the  arts,  that  he  believes  the  moft  fubtil  fpecula- 
tion  cannot  add  any  thing  to  the  conftruAion  of 
rockets ;  only  he  obferves,  that  the  ftick  being 
faftened  to  one  of  the  fides,  the  centre  of  gravity 
of  the  whole  cannot  be  in  the  axis  of  the  rocket, 
and  confequently  that  it  can  never  rife  quite  ver¬ 
tically;  but  that  in  order  to  give  it  this  diredlion, 
it  would  be  better  to  faften  two  fticks  to  the  two 
fides,  both  of  them  only  weighing  the  fame  as 
one  ftiould  have  done. 

’Tis  eafy  to  apply  the  principles  which  obtain 
in  cannons  and  rockets  to  petards.  To  augment 
the  effedt  of  a  petard  againft  a  gate  or  wall,  it  is 
faftened  to,  M.  de  la  Hire  propofes,  that  it  be 
rendered  perfe6lly  firm  and  immovable  on  the 
oppofite  fide  ;  this  will  prevent  its  rebounding,  and 
redouble  its  violence  on  that  fide  it  is  to  adh  on. 

Thunder  itfelf  is  only  a  kind  'of  lighted  gun¬ 
powder,  and  men  may  without  prefumption 
boaft  they  have  imitated  it.  ’Tis  a  mixture  of 
fulphur  and  fait  petre,  or  other  matters,  near  a- 
kin  to  them,  and  the  air  dilated,  and  its  fprings 
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put  in  adion  by  the  inflammation  thereof,  pro^ 
uces  the  principal  phenomena  of  thunder. 

If  this  air,  when  it  dilates  and  unbends,  meet 
with  nothing  to  refill  it,  we  fincj  lightening  pro¬ 
duced,  but  hear  no  noife  ;  if  it  meet  with  clouds, 
which  oppofe  its  motion,  there  arifes  a  friction  or 
colliflon  of  the  air,  which  occafions  the  noife, 
and  this  noife  is  fo  rnuch  the  greater,  as  thefe 
^  clouds  being  formed  of  little  particles  of  ice,  are 
lels  difpofed  to  receive  motion  from  an  inflamed 
air,  when  the  fire  produced  by  thunder  moves 
with  fo  much  violence,  as  to  comprefs  and  flirain 
the  fprings  of  the  grofs  air  around  it,  this  air  be¬ 
comes  capable  hereby  of  refilling  and  driving  it 
back  again,  which  happening  feveral  times  to¬ 
gether,  makes  the  lightning  appear  like  waving 
darts  of  fire. 

The  air  nearell  the  earth  being  the  groffell, 
mull  make  the  molt  refill ance  to  the  motion  of 
thunder,that  is,mufl:  tend  moll  to  make  it  reafeend  ; 
and  hence  the  flame  muff  be  frequently  repelled 
towards  the  place  it  arofp  from,  and  thus  fpend 
itfelf  without  effedl. 

We  fometimes  find  water  fpout  through  the 
adjutage  of  a  fountain,  three  or  four  times  higher 
than  the  height  of  the  refer  voir  can  occafion,  tho^ 
it  quickly  returns  again  to  the  regular  height;  ifit 
be  enquired  how  it  came  to  exceed  it,  M.  de  la 
Hire  attributes  it  to  the  air  inclofed  in  the  pipe, 
which  having  been  comprelTed  by  the  water  con¬ 
tinually  defeending,  unbended  itfelf  againU  that 
which  was  afeending,  and  gave  it  this  momen¬ 
tary  velocity  ;  fo  he  alfo  imagines,  that  the  vio¬ 
lence  of  thunder  may  fometimes  be  increafed  by 
the  air,  which  after  a  llrong  compreflion,  occa- 
fioned  by  the  fire  of  the  thunder,  itfelf  refumes 
its  natural  extenfion :  were  one  to  purfue  all  the 
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dTefts  of  the  air,  it  would  be  found,  as  it  were, 
the  only  foul  of  the  world,  if  by  world  we  mean 
that  which  we  inhabit,  and  which  furromids  us 
heareft. 

II.  On  the  caufe  of  refraBion^  tranjlated  by 

Mr*  Chambers. 

The  difpute  about  refradlion  between  Meff. 
Defcartes  and  Fermat  is  famous ;  they  had  each 
of  them  their  way  of  demonftrating,  that  an 
oblique  ray  pafiing  out  of  air  into  water,  mull  be 
refraded  towards  the  perpendicular.  But  in  Def 
cartes^s  demon ftration,  it  was  fuppofed,  that  the 
fays  penetrate  water  more  eafily  than  air.  Where¬ 
as  it  followed  from  that  of  Fermat^  that  the  rays 
penetrate  air  more  eafily  than  water ;  this  was 
the  chief  point  in  difpute  between  thofe  two 
great  men,  and  it  afterwards  divided  the  otherphi- 
Jofophers. 

M.  Carre  has  efpoufed  Defcartes^s  fide,  afifert- 
ing,  that  the  air  makes  more  oppofition  to  the 
pafifage  of  light  than  water  does,  notwithftand^ 
ing  that  it  receives  a  much  greater  quantity 
thereof,  and  refleds  it  lefs ;  for  thofe  two  things 
may  be  eafily  feparated.  According  to  this  author^ 
air  is  the  only  body  penetrable  by  light,  all  other 
bodies  are  folid  with  refped:  thereto,  and  refledt 
it  *,  and  when  light  paffes  through  water,  or  glafs, 
it  only  paffes  through  the  air  contained  in  their 
pores,  the  proper  particles  of  the  glafs  or  water 
refledling  it  back  again ;  and  hence  that  multi¬ 
tude  of  reflections  in  tranfparent  bodies,  the  par¬ 
ticles  of  that  fpacious  fluid,  which  we  properly 
call  air,  have  a  liberty  of  moving  beyond  all 
comparifon  greater  than  thofe  of  air  inclofed  and 
imprifoned  in  water  or  glafs,  now  the  extreme 
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mobility  of  the  particles  of  free  or  open  air,  and 
their  continual  agitation  every  way,  proves  a' 
great  impediment  to  the  motion  of  a  ray  of  light, 
difturbing,  interrupting,  and  confequently  weak- 
ning  and  diminifhing  its  velocity  ;  whereas  the 
air  inclofed  in  tranfparent  bodies,  being  lefs  mova¬ 
ble,  proves  leis  detrimental  to  the  motion  of  the 
rays  ;  and  hence  it  follows,  that  of  all  bodies  pe¬ 
netrable  by  light,  free^  air  is  the  moft  difficultly 
penetrable,  and  that  all  other  give  it  the  eafier 
pafiage,  as  they  contain  lefs  air  and  afe  more 
denfe. 

Accordingly  glafs,  which  contains  lefs  air  than 
water,  is  more  favourable  to  the  paffage  of  light, 
and  refracts  it  more  *,  fo  boiling  water,  which 
has  emitted  a  great  quantity  of  air,  occafions  a 
greater  refradlion  than  cold  water,  and  the  re- 
fradion  of  oil  is  but  little  different  from  that  of 
glafs,  by  reafon  it  only  contains  little  air,  as  we 
find  by  putting  it  in  vacuo  ^  ’tis  true  fpirit  of 
wine  in,  thofe  circumftances  bubbles  extremely, 
and  confequently  feems  to  contain  a  deal  of  air, 
yet  its  refraction  is  equal  to  that  of  oil ;  but  this 
ebullition  is  of  no  continuance,  and  the  air  which 
arifes  from  it  all  at  once  is  but  fmall  in  quantity. 

To  eftabliffi  this  fyftem  of  M.  Carre^  a  greater 
number  of  experiments  ffiould  be  made  upon  the 
magnitude  of  refraClion,  in  refpeCt  of  the  weight 
and  the  quantity  of  air  contained  in  fluids,  and 
the  denfity  of  folid  bodies  which  are  tranfparent. 
In  the  mean  time  it  is  fome  prejudice  in  behalf  of 
this  opinion,  that  a  mufket-ball  ffiot  off  lightly 
upon  the  water,  feems  to  be  refraCled  from  the 
perpendicular  ;  now  ’tis  certain,  that  water  being 
more  difficult  to  divide,  makes  more  refiftance 
to  the  motion  of  the  ball  than  air  does  ;  if  it  like- 
wife  made  more  refiftances  to  the  motion  of  a 
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ray,  this  too  would  be  refradted  from  the  per¬ 
pendicular,  whereas  it  is  really  refrafted  towards  it. 

III.  Of  the  tarantula^  and  the  cure  of  its 
bite  by  mufck^  tranjlated  by  Mr,  Chambers. 

M.  Geo§roy^  being  returned  from  a  journey  to 
Italy^  has  fhewn  the  academy  fome  dead  taran¬ 
tulas  he  brought  with  him.  The  tarantula  is  a 
large  fpider,  with  eight  eyes  and  as  many  legs  ; 
but  what  is  moil  lingular  in  it,  are  two  horns  or 
trunks,  which  it  is  continually  moving,  efpeci- 
ally  when  in  fearch  of  food  *,  whence  M.  Geof 
froy  conje6lures  them  to  be  movable  noftrils. 

The  "arantula  is  not  only  found  about  Taren- 
tum^  from  whence  its  name  is  taken,  and  through¬ 
out  Apulea^  but  alfo  in  feveral  other  parts  of 
Italy^  and  in  the  ifland  of  Corftca  ;  only  thofe  of 
ApuUa  are  the  moft  dangerous,  tho’  none  are 
much  fo  but  thofe  on  the  plains,  where  the  air 
is  conliderably  hotter  than  on  the  mountains ; 
and  fome  even  alTert,  that  the  animal  is  never  ve- 
nemous,  except  in  coupling  time. 

Soon  after  a  perfon  has  been  bitten  by  a  ta¬ 
rantula,  there  enfues  a  very  acute  pain  in  the 
part,  and  fome  hours  after  a  numbnels  *,  then  he 
falls  into  a  profound  fadnefs,  refpiration  grows 
difficult,  the  pulfe  weakens,  the  fight  becomes 
dim,  and  the  eyes  look  wild ;  at  length  all  fenfe 
and  motion  are  loft,  and  the  patient  dies  unlefs 
he  be  relieved. 

All  the  help  phyfick  affords  confifts  in  a  few 
operations  on  the  wound,  with  the  ufe  of  cor¬ 
dials  and  fudorifficks  *,  but  another  much  furer 
and  more  efficacious  remedy,  which  reafoning 
and  art  would  never  have  attained  to,  as  being 
accidentally  difeovered,  viz.  mufick. 

VoL.I.  N^9.  Sf 
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When  the  perfon  bitten  is  left  without  fenfe 
and  motion,  a  mufician  tries  different  tunes,  till 
he  meets  with  that  whofe  notes  and  modulation 
fuit  the  patient  ;  upon  which  a  flight  motion  or 
tremor  appears  in  his  body,  then  his  fingers  be¬ 
gin  to  move  in  cadence,  then  his  arms,  legs,  and 
by  degrees  his  whole  body,  till  at  laft  he  rifes  on 
his  feet,  and  falls  a  dancing,  in  which  he  con¬ 
tinues,  ftill  increafing  both  in  aflivity  andflrength. 
Some  will  even  dance  fix  hours  together  without 
refting  ;  after  this  the  perfon  is  put  to  bed,  and 
when  he  is  judged  fufficiently  recovered  from 
his  firfl:  dance,  they  draw  him  out  of  bed  by  the 
fame  tune  for  a  new  dance.  This  exercife  holds 
feveral  days,  fix  or  feven  at  moft,  till  fuch  time 
as  the  patient  finds  himfelf  fatigued,  and  unable 
to  dance  any  longer,  which  is  the  indication  '^of 
his  cure  *,  for  fo  long  as  the  poifon  adls  on  him, 
he  would  dance  if  they  would  let  him,  without 
any  difcontinuance,  till  his  flrength  being  utterly 
exhaufted,  he  fliould  die  on  the  fpot.  When  the 
patient  begins  to  find  himfelf  a  weary,  he  comes 
a  little  to  his  fenfes,  and  recovers  as  from  a  pro¬ 
found  deep,  without  remembering  any  thing 
of  what  paft  during  his  accefs,  not  even  his 
dancing. 

The  patient  thus  recovered  from  his  firfl  accefs, 
is  fometimes  intireiy  cured  ;  if  he  be  not,  there 
remains  a  black  melancholly  and  alienation 
of  mind  upon  him  *,  he  fhuns  the  fight  of  man, 
and  feeks  for  water  ;  and  if  he  be  not  carefully 
watched,  throws  himfelf  into  the  firfl  river  that 
falls  in  his  way.  To  the  other  fymptoms  of  this 
difeafe  mufl.  be  added  an  averfion  for  black  and 
blue  j  and  on  the  contrary,  an  affect  ion  for  white, 
red,  and  green. 
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If  the  perfon  do  not  die,  the  fit  returns  at  the 
year’s  end,  much  about  the  time  when  he  was 
bitten  ;  fo  that  he  muft  go  to  dancing  again  ; 
fbme  have  had  thefe  periodical  returns  for  20 
or  30  years  running. 

Each  patient  has  his  peculiar  and  fpecinck 
tune  ;  but  all  the  airs  or  tunes  in  general  are  of 
very  brilk  meafure. 

Thus  much  is  attefted  by  perfons  of  the  utmoft 
veracity ;  and  was  alfo  confirmed  to  the  academy, 
not  only  by  what  informations  M.  Geoffroy  could 
procure  in  Italy^  but  alfo  by  the  letters  of  a  Jefuit 
of  Toulon  to  F.  Gouye,  who  related,  that  he  had 
feen  an  Italian  foldier  bitten  by  a  tarantula  danced 
feveral  days  together. 

To  fad:s  fo  very  extraordinary,  ’tis  no  won¬ 
der  if  a  few  fables  be  added  *,  fuch,  for  inftance, 
as  this,  that  the  patient  is  only  alfedted  fo  long 
as  the  tarantula  that  bit  him  is  alive  j  and  that 
the  tarantula  itfelf  dances  to  the  fame  tune. 

’Tis  not  unreafonable  to  fuppofe  with  M.  Geof- 
froy\  that  the  poifon  of  the  tarantula  may  occa- 
fion  an  extraoidinary  tenfion  of  the  nerves, 
much  greater  than  is  fuited  to  their  refpedtive 
fundtions,  and  hence  the  lofs  of  memory  and 
motion  ;  but  at  the  fame  time,  this  tenfion  being 
equal  to  that  of  fome  fi'rings  of  an  inftrumenr, 
puts  the  nerves  in  motion  to  a  certain  tone,  and 
obliges  them  to  vibrate  when  ftruck  by  the  un¬ 
dulations  peculiar  to  that  tone  ;  and  hence  the 
cure  by  mufick  •,  for  motion  being  thus  reftored 
to  the  nerves,  by  a  proper  mode,  the  fpirits  are 
recalled,  which  before  had  almofl:  intirely  aban¬ 
doned  them. 

It  may  perhaps  be  added,  with  fome  proba¬ 
bility,  and  pretty  much  on  the  fime  principles, 
if  the  patient’s  averfion  for  certain  colours  arifes 
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from  this,  that  the  tenfion  of  his  nerves,  even 
out  of  the  accefs,  being  ftill  different  from  its 
natural  ftate,  the  vibrations  thofe  colours  occaCion 
in  the  fibres  of  the  brain,  are  too  contrary  to 
their  difpofition,  and  make  a  kind  of  diffonance 
therein,  which  is  pain. 

IV.  OJ  a  very  valuable  loadjlone, 

M.  Carre  read  a  letter  written  from  Holland^ 
wherein  mention  was  made  of  a  loadflone,  which 
weighs  II  ounces,  and  lifts  28  pounds  of  iron, 
that  is  above  40  times  its  own  weight.  They  afk 
5000  livres  for  it. 

V.  Of  a  pyramid  of  fait  formed  in  a  cryf 

tallifation, 

M.  Homherg  fiiewed  a  little  pyramid  of  fait, 
which  had  formed  itfelf  in  a  cryftallifation.  It 
was  not  very  high  in  proportion  to  its  bafe  ;  it  was 
hollow  within,  and  in  forming  itfelf,  had  its  bafe 
turned  upwards.  M.  Homherg  explained  the  fadt 
thus.  At  firfi:,  there  was  formed  on  the  furface 
of  the  faked  water  a  little  cube  of  fait,  which  is 
the  figure  naturally  affedled  by  fait.  This  cube, 
tho’  heavier  than  the  faked  water,  did  not  fink, 
any  more  than  a  needle  would  do,  if  laid  on 
gently,  and  for  the  fame  reafon  ;  for  when  a 
needle  is  thus  laid  on  the  water,  there  is  a  little 
hollow  formed  about  it,  filled  only  with  air,  where 
it  is,  as  it  were,  in  a  little  boat,  becaufc  the  bulk 
of  the  little  hollow,  and  of  the  needle  together,  is 
lighter  than  a  like  bulk  of  water.  There  was 
formed  a  like  hollow  about  the  cube  of  fair, 
which  plunged  a  little  in  the  water  without  fink¬ 
ing  j  fo  that  its  upper  furface  being  not  fo  high 

as 
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as  that  of  the  water,  it  continued  dry.  Along  the 
four  fides  of  this  dry  furface,  other  cubes  of  fak 
were  cryftallifed,  which  began  by  forming  a  lit¬ 
tle  hollow  fquare,  of  which  the  firft  cube  formed 
the  bafe.  All  thefe  little  cubes  together,  being 
heavier  than  the  firft  fingle  one,  and  being  en- 
compafled  with  lefs  air  in  proportion,  becaufe 
they  joined  the  firft  by  their  inner  fides,  plunged 
a  little  more  in  the  water,  that  is,  to  the  upper 
furface  of  the  little  cubes  which  touched  the  firft. 
About  thefe,  other  cubes  were  cryftallifed,  which 
plunged  ftill  deeper  in  the  water.  This  conti¬ 
nuing  for  fome  time,  as  the  hollow  fquare  grew 
bigger,  fo  it  plunged  more  and  more,  and  formed 
the  inverted  pyramid,  which  growing  at  laft  too 
heavy,  precipitated  itfelf  down  to  the  bottom  of 
the  water,  where  it  left  increafing. 

VI.  Of  a  woman  delivered  of  four  children 

at  a  birth. 

yi,Lemery  related,  that  on  the  19th  of 
June^  a  young  woman  of  Lyons ^  aged  23,  at  her 
firft  lying  in,  at  the  end  of  7  months,  was  de¬ 
livered  of  3  boys  and  i  girl,  all  of  them  14  in¬ 
ches  and  fix  lines  in  length,  and  they  lived  long 
enough  to  be  baptifed. 

VII.  Of  the  tides  on  the  coajl  of  Bretagne 

and  Normandy, 

M.  Carre  had  a  queftion  fent  him  from  Bre^ 
tagne,  why  on  the  N.  coaft  of  that  province  the 
tides  continually  increafe  from  Breft  to  St.  Male., 
where  they  are  fo  high  at  the  new  and  full  moons, 
as  to  rife  60  and  80  feet  5  and  why  from  St.  Malo 

they 
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they  continually  diminifli  along  the  coafts  of 
mandy  ? 

M.  Carre  anrwered  this  queftion  by  the  figure 
only  of  the  coafts  and  ftraits.  The  tide,  which 
from  the  great  extent  of  the  Atlantic  0CQ2iV\y  fpreads 
itfelf  on  the  N.  coaft  of  Bretagne^  meets  at  the 
fame  time  the  outlet  of  la  Manchcy  which  is  a 
much  narrower  fpace  than  that  from  which  it 
comes.  It  muft  fwell  therefore  at  the  entrance  of 
this  channel,  and  take  in  height  what  the  channel 
wants  in  breadth,  to  contain  the  water  that  it 
brings.  The  channel  is  afterwards  more  con- 
tradled,  and  confequently  the  water  rifes  ftill 
more.  The  town  of  St,  Male  is  fituated  in  a  fort 
of  returning  angle,  formed  by  the  coaft  of  Bre¬ 
tagne  and  Normandy^  the  tide  is  obliged  to  take 
the  fame  direction  with  the  N.  coaft  of  Bretagne^ 
that  is,  a  S.  W.  diredlion  •,  having  this  courfe,  it 
goes  diredlly  againft  the  Englijh  coaft  of  Corn¬ 
wall  \  whence  it  is  ftrongly  beat  back  exadlly  to 
the  corner  where  St.  Malo  is.  There  the  waters 
being  retained,  and  in  a  manner  fliut  up,  muft 
necefiarily  rife.  But  beyond  St.  Malo  the  tide  muft 
find  more  liberty  in  its  courfe  along  the  coafts  of 
Normandy, 

VIII.  Of  the  making  of  allum. 

M.  Geoffroy  informed  himfelf  exactly  in  Italy 
of  the  manner  of  making  roch  allum  at  Civita 
Vecchia.  There  are  near  that  city  fome  quarries 
of  a  greyifh  or  reddifh  ftone,  pretty  hard,  and 
like  the  travertin.  They  calcine  it  in  ovens, 
and  then  diflblve  the  lime  in  water  over  a  great 
fire,  the  water  gets  all  the  fait  out  of  it,  and  this 
fait  is  allum'-,  there  feparates  an  ufelefs  earth  from 
it,  and  at  laft  they  leave  this  water  to  reft  im¬ 
pregnated 
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pregnated  with  a  fait,  which  for  fome  days  cryf- 
tallifes  of  itfelf,  as  tartar  does  about  the  calks, 
and  makes  what  is  called  roch  allum.  This  is 
only  a  general  account  of  the  operation  5  but  M. 
Geoff roy  relates  all  the  particulars. 

Allum  is  made  alfo  at  Solfatara  near  Puzzoli^ 
in  the  kingdom  of  Naples,  Solfatara  was  for¬ 
merly  a  burning  mountain,  of  which  there  now 
remains  nothing  but  ruins,  and  a  crown  or  cinc¬ 
ture  of  white,  yelJowilh,  dry,  half  burnt  and 
calcined  rocks,  from  which  there  comes  out  a  very 
thick  fmoak  in  feveral  places.  The  tradition  of 
the  country  is,  that  the  earth  between  thefe  rocks, 
which  made  the  top  of  the  mountain,  funk  down 
to  a  certain  height.  They  go  up  over  burning 
rocks  to  go  down  again  into  a  little  low  plain, 
which  mull  have  been  the  top.  It  is  almoft  oval, 
1246  feet  long  in  its  greatell  extent,  and  1000 
feet  broad.  The  foil  of  this  plain  is  a  yellow  and 
white  fubftance,  very  fait,  and  fo  hot  in  fome 
places,  that  one  cannot  hold  ones  hand  long  upon 
it.  In  fummer,  there  arifes  on  the.furfacc  of  this 
earth  a  fait  flower  or  duff,  which  they  need  only 
fwcep,  and  fhove  into  fome  pits  of  water,  which 
are  at  the  bottom  of  the  plain ;  after  which,  to 
evaporate  this  water,  being  well  loaded  with  filt 
and  purified  from  the  earth,  there  needs  no  other 
fire  than  that  which  burns  under  the  mountain  ; 
the  water  is  put  into  cauldrons  funk  into  the 
ground,  without  any  other  trouble.  This  allum 
is  not  fo  much  efteemed  as  that  of  Civila  Vecchia, 
They  make  fulphur  alfo  at  Solfatara^  and  thence 
the  place  has  obtained  its  name. 

M.  Geoff^royy  to  render  his  hiftory  of  allum 
more  complete,  has  added  the  manner  of  making 
it  in  England,,  in  7'orkjhire  and  Lancafoire,,  and 
alfo  in  Sweden, 


It 
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It  appears  by  all  the  preparations  of  alJum,  ' 
that  the  fame  mine  which  affords  it,  does  alfo, 
or  may  at  lead  afford  fulphur,  nitre,  and  vitriol. 
Perhaps  thefe  different  minerals  are  at  the  bottom 
only  one  principle,  difguifed  under  thefe  four 
falts,  according  as  it  has  been  mixed  by  nature 
with  certain  fubftances,  or  according  as  it  has 
been  managed  by  men.  M.  Geoffrey  thinks,  that 
the  Englijh  and  Swedijh  allums  may  partake  more 
of  vitriol,  and  the  Italian  of  fea  fait,  which  may 
caufe  a  variation  in  fome  nice  operations,  or 
change  the  effed  of  fome  medicines,  which  re¬ 
quire  a  great  exadlnefs. 

IX.  Mi  cr  of  copied  obfervatiom  on  a  cheefe^ 

mite, 

Sauveur  imparted  to  the  company  a  fad: 
that  M.  Forger  had  writ  to  him  from  Brejl,  M. 
Mollard^  chief  engineer,  had  fliut  up  in  a  little 
common  microfeope  a  cheefe-mite  to  fee  what 
would  become  of  it.  This  worm  lived  above  feven 
months  without  taking  any  nourifhment,  unlefs 
the  little  air,  which  was  in  the  microfeope,  fupplied 
it  with  any.  It  always  moved  fenfibly,  chiefly 
when  it  was  expofed  to  the  fun  ;  then  it  turned 
and  agitated  itfelf  a  hundred  different  ways.  At 
lafl  it  died,  atfd  from  day  to  day,  from  white, 
it  became  red.  This  little  carcafs  dried  like  a 
chryfalis  of  a  filk  Vv^orm,  and  at  the  end  of  12 
days,  there  came  out  of  it  a  fly  as  big  as  the 
worm.  It  was  not  at  all  made  like  the  common 
flies,  but  a  little  longer,  and  of  the  figure  of  thofe 
which  we  fometimes  fee  about  neceffary  houfes. 
It  never  took  any  nourifhment,  unlefs  it  was  that 
of  the  chryfalis  which  it  came  out  of.  It  died 
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at  the  end  of  ten  daySj  and  afterward  dried  and 
wafted.  ' 

X,  Of  two  kittens  joined  together  from  the 

head  to  the  navel. 

M.  Mery  fhewed  to  the  company  two  kittens, 
which  were  united  in  the  belly  of  their  mother 
They  were  joined  from  the  head  to  the  navel,  and 
made  in  all  this  extent  but  one  fingle  body  ;  but  in 
all  the  reft,  they  were  two  very  diftindt,  and  well 
feparated.  We  fliall  not  enter  into  a  more  parti¬ 
cular  detailbf  this  monfter  *,  it  is  eafy  to  imagine  in 
general,  that  two  ova^  or  if  they  are  not  admitted 
to  be  ova,  two  little in  their  firft  formation, 
finding  themfelves  of  equal  ftrength,  and  alfo 
meeting  too  near  in  the  uterus^  may  faften  and 
ftick  together,  after  which  the  liquors  that  ought 
to  nourilh  and  ftrengthen  them,  being  become 
common  to  them,  they  intirely  quit,  in  one  or 
other,  certain  courfes  in  which  they  would  flow 
with  difficulty,  which  abfolutely  makes  certain 
parts  in  one  of  the  foetus's  perifh,  and  renders 
them  Angle  for  both,  while  thefe  liquors  flowing 
in  the  other  parts  of  the  two  foetus's  with  equal 
eafe,  keeps  them  always  double.  The  meeting 
of  the  2  fetuses  is  only  chance,  and  from  certain 
diredtions  of  the  velTel  more  or  lefs  favourable  to 
the  courfe  of  the  liquors,  which  makes  them  quit 
certain  ways,  and  always  follow  others  \  and  as 
this  chance  is  fufceptible  of  an  infinity  of  diffe¬ 
rent  combinations,  the  double  monfters  are  infi¬ 
nite. 

M.  Mary’s  two  kittens  are  in  afiother  refpedt 
more  worthy  of  the  attention  and  furprize  of 
philofophers.  They  had  but  one  oefophagus  and 
one  trachea  *,  but  thefe  two  canals  were  joined  in 
VoL.LN^.9.  Tc  fu^-h 
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fuch  a  manner,  that  they  made  but  one,  and  thrs 
fingle  canal  had  no  communication  but  with  the 
ftomach,  and  no  ways  with  the  lungs,  and  confe- 
quently  was  only  one  fimple  oefophagus.  The 
monfter  could  not  therefore  take  in  any  air  ;  and 
yet  it  lived  about  an  hour  after  being  out  of  the 
mother’s  belly. 

XI.  Oji  an  ancient  corm72uni cation  of  the  Me¬ 
diterranean  with  the  Red-fea. 

M.  k  Comte  de  Pontchartrain^  making  ufe  of 
his  authority  to  aflift  the  progrefs  of  the  fcfences, 
had  fent  into  Egypt  fome  memoirs  made  by  M. 
Delijle^  which  pointed  out  what  was  to  be  wifhed, 
in  order  to  redify  the  map  of  that  country.  Thefe 
memoirs  were  accompanied  with  very  ftrong  re¬ 
commendations  to  the  confuls  and  vice-confuls. 
It  was  in  the  execution  of  thefe  orders  of  M.  de 
Pontchartrain^  that  M.  Boutier  travelled  over  the 
whole  Belta^  and  fent  to  that  minifter  a  map  of 
it,  with  a  little  account  which  explained  it.  M. 
Belijle^  to  whom  M.  le  Comte  de  Pont  char  tram 
had  done  the  honour  to  fend  the  whole,  fpake  of 
it  to  the  academy. 

The  modern  Egypt  is  but  little  known,  altho* 
fufficiently  near  and  frequented  ;  and  we  may 
reckon,  that  it  is  the  fame  with  all  countries, 
where  the  inhabitants  are  in  ignorance,  and  where 
learned  Grangers  feldom  travel,  at  ieaft  to  make 
obfervations.  Altho’  M.  Boutier  has  not  tra¬ 
velled  over  the  Lower  Egypt^  fo  much  as  it  would 
be  neceffary,  he  has  neverthelcfs,  in  M.  Belijle^s 
account,  confiderably  reftored  the  map,  which 
was  very  much  disfigured.  He  begins  with  con- 
fidering  the  Delta  of  the  ancients,  thofe  mouths 
which  they  have  aferibed  to  the  Nile^  the  greatefl 
*  ■  part 


Royal  Academy  ^  Sciences.  331 

part  of  which  had  been  loft  by  the  ignorance  of 
the  modern  geographers,  a  great  number  of 
towns,  whofe  names  are  not  yetmuchakered  ;  for 
example,  Samanout^  or  according  to  the  Copies^ 
SehennetUy  which  is  the  ancient  ^ehennitus^  Ab- 
boiitfier^  or  Butfir^  which  is  Bufiris^  &c.  But 
what  is  moft  remarkable  in  this  map,  is  an  ex¬ 
tremity  of  a  canal,  which  goes  out  of  the  moft 
eaftern  arm  of  the  Nile^  and  which  M.  Delijle 
judges  to  have  been  a  part  of  that  which  formerly 
made  the  communication  of  the  Nile  and  the 
Mediterranean  with  the  Red-fea, 

As  this  ancient  communication,  which  M.  De¬ 
lijle  eftablifhed  for  an  indubitable  facft,  is  unknown 
at  this  time,  even  by  many  of  the  learned,  we 
were  glad  to  fee  the  proofs  which  he  had  of  it ; 
he  gave  them  fo  plainly,  and  took  the  greateft 
part  of  them  in  places  fo  well  known,  that  all 
the  difficulty  that  remains  is,  to  knowhow  they 
have  efcaped  the  obfervation  of  every  body. 

Herodotus^  in  his  fecond  book,  fays,  there  was 
in  the  plain  of  Egypt^  a  canal  drawn  from  the 
Nile^  a  little  above  the  town  of  Bubajle^  and 
below  a  mountain,  which  went  on  the  fide  of 
Memphie^  that  this  canal  was  extended  very  far 
from  Weft  to  Eaft,  that  afterwards  it  turned  to 
the  South,  and  flowed  into  the  Rid-fea  *,  that 
Nechus^  fon  of  Pfammiticus^  was  the  fir  ft  that 
undertook  this  work,  where  120,000  men  had 
perifhed,  that  they  had  quitted  it  upon  the  an- 
fwer  of  an  oracle  *,  but  that  Darius^  fon  of  Hyf- 
tafpes^  had  finiftied  it  *,  that  it  was  four  days  na¬ 
vigation  Y  and  that  two  gallies  might  pafs  abreaft 
in  it. 

Diodorus  fpeaks  of  it  in  the  firft  book  of  his 
Bibliotheca^  and  agrees  with  Herodotus^  except 
iri'this,  that  he  makes  the  canal  to  be  left  unfl- 

T  t  2  nifhed 
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n idled  by  Barm^  to  whom  very  bad  engineers 
had  reprefented,  that  the  Red-fea^  being  higher 
than  Egypt ^  would  overflow  it  ;  and  in  this,  that 
he  does  not  make  the  work  to  be  finifhed  but  by 
Ptolomaus  Philadelphus,  tje  adds,  that  this 
canal  had  been  called  the  river  of  Ptolomy^  that 
•  this  prince  had  caufed  a  town  to  be  built  at  its 
outlet  into  the  Red-fea^  which  he  had  named 
Jinoe,  from  one  of  his  fifters  that  he  loved,  and 
that  the  canal  might  be  opened  or  Ihut,  according 
as  it  was  neceflary  for  navigation. 

Strabo^  lib.  1 7 .  of  his  geography^  agrees  with 
Diodorus^  in  every  thing,  it  only  remains  to 
reconcile  Herodotus^  who  makes  the  work  to 
be  finifhed  by  Darius^  with  Strabo  and  D/V- 
doYUs^  who  give  that  honour  only  to  Ptolomy ; 
but  there  might  happen  to  a  work  of  this  nature, 
as  foon  as  it  was  finilhed,  an  infinite  number  of 
inconveniencies,  which  rendered  it  ufelefs,  till  a 
new  work  was  made. 

At  the  point  of  the  gulf,  which  they  have 
called  the  Red-fea^  were  two  cities,  Heroopolis 
and  Arftnoe^  which,  according  to  Strabo^  was 
alfo  named  by  fome  Cleopatris,  Befides  Strabo^ 
fpeaking  of  the  expedition  made  into  Arabia  by 
Mlius  Gallus^  the  firfl  Roman  governour  of 
Egypt^  fays,  that  Gallus  caufcd  veflTels  to  be  built 
at  Cleopatris^  near  an  ancient  canal  derived  from 
the  Ebile,  In  another  place,  he  fays  alfo,  that 
Heroopolis  was  upon  the  Nile^  and  at  the  extre¬ 
mity  of  the  Red-fea, 

After  this,  we  may  pafs  over  fome  other  autho¬ 
rities,  which  were  alfo  related  by  M.  Ddijle.  E- 
very  body  knows  the  defign  that  fome  princes 
had  of  making  this  communication  ;  every  body 
knows,  that  it  was  crofled  by  the  chimerical  fear 
of  the  inundation  of  the  Red-fea  5  and  as  if  the 

greateft: 
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grcateft  part  of  readers  had  been  ftruck  with  the 
fame  fear,  they  have  not  feen  in  authors  the  in* 
tire  execution  of  the  canal. 

M.  Delijle  has  carried  his  inquiries  even  to  the 
Arabian2ca\.\i0xs»  Elmacin^  lib.  i.  cap.  3.  fays, 
that  under  the  Caliph  Omar^  toward  the  year 
635  of  the  chriftian  ^era,  .^^wreaufed  a  canal  to 
be  made  to  tranfport  the  corn  from  Egypt  into 
Arabia  \  probably  he  only  renewed  the  old  one, 
the  navigation  of  which  might  eafily  have  been 
negledled  in  the  decline  of  the  Roman  empire. 
But  in  the  year  1 50  of  the  Hegira^  which  agrees 
with  the  year  775  of  Chrifty  Abugiafar  Alman^ 
%or^  2d  caliph  of  Abb ajfides^  caufed  this  canal 
to  be  (lopped  on  the  fide  of  the  fea.  If  ever  this 
union  fhould  be  renewed,  the  world  would  change 
its  face;  China  zxid  France^  for  example,  would 
become  neighbours,  and  our  pofterity  would  la¬ 
ment  the  fate  of  the  barbarous  ages,  when  the 
Europeans  were  obliged  to  go  round  Africa  to 
get  into  Afta, 

XII.  Of  the  manner  of  cutting  moulds 
for  hyperbolical  glaffes^  andjor  turning  all 
conoids  in  general. 

The  rays  coming  from  a  diflant  point,  as  the 
centre  of  the  fun,  and  for  thisreafon  thought  to  be 
parallel,  having  pafied  through  a  glafs,  which  is 
a  portion  of  a  fphere,  do  not  reunite  at  all  in  a 
fingle  point.  Thtiv  foci  have  fo  much  more  ex¬ 
tent  as  the  glaflfes  are  portions  of  greater  fpheres, 
and  as  they  are  greater  portions  of  them. 

It  would  not  be  the  fame  with  glafTes,  that 
fhould  be  portions  of  folids,  either  conoid,  ellip¬ 
tical  or  hyperbolical,  provided  neverthelefs  that 
the  ellipfes  or  hyperbolas,  of  'yv'hich  thefe  folids 

ihould 
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fhould  be  formed,  had  a  certain  condition,  that 
is,  that  the  ratio  of  the  great  axis  of  the  ellipfis 
to  the  diftance  of  its  foci^  or  the  ratio  of  the  dif- 
tance  of  the  two  foci  of  the  hyperbola  to  its  deter¬ 
mined  diameter,  was  the  fame  with  the  conftant 
ratio  of  the  fine  of  incidence  of  a  ray  upon  the 
furface  of  the  glafs,  to  its  fine  of  refraftion  in  the 
glafs.  Then  the  rays  of  a  diftant  point,  which 
had  pafied  through  the  elliptical  or  hyperbolical 
glafs,  would  gather  together  in  a  fingle  point, 
which  would  be  one  of  the  foci  of  the  ellipfis,  or 
of  the  hyperbola. 

This  confiderable  advantage  of  reuniting  into 
a  fingle  point  the  rays  from  a  fingle  point,  has 
made  M.  Defcartes  prefer  the  ellipfes  and  hyper¬ 
bolas  to  circles,  and  other  particular  reafons  have 
made  him  prefer  the  hyperbolas  to  the  ellipfes. 
He  bad  even  given  the  defign  of  a  machine  for 
lhaping  glaffes  into  hyperbolas  ;  but  it  did  not 
appear  convenient  for  practice,  and  we  have  con¬ 
tented  ourfelves  with  fpherical  glaffes,  of  which 
we  only  take  fuch  a  portion  as  reunites  more  rays 
in  the  lame  fpace  than  any  other  portion,  and  re^ 
unites  them  in  a  fpace  fo  fmall,  as  not  to  be  fen- 
fibly  more  than  one  point.  It  is  partly  for  this 
reafon,  that  in  the  ufe  of  the  great  telefcopes, 
we  do  not  leave  the  furface  of  the  objedl-glafs  en¬ 
tirely  uncovered  ;  ^  we  had  rather  receive  fewer 
rays  from  the  fame  point,  and  have  them  more 
exadlly  reunited.  In  the  hyperbolical  figure,  a 
greater  furface  will  not  reunite  the  rays  lefs  exadf 
into  a  fingle  point,  than  a  lefs  furface,  and  confe- 
quently  we  fhall  have  at  the  fame  time  a  perfect 
reunion,  and  as  great  a  light  as  we  pleafe. 

But  it  is  well  to  obferve,  that  the  hyperbola 
would  reunite  in  one  point,  only  the  rays  from 
the  fingle  point  of  tfie  objedt,  which  would  be  in ' 

its 
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its  axis,  and  that  all  the  rays  from  all  the  other 
points  of  the  fame  objedi:,  would  be  fo  much  lefs 
exadtly  reunited,  as  thefe  points  would  be  diftant 
from  the  axis.  On  the  contrary,  circles  which 
do  not  reunite  exadlly  into  a  point  the  rays  which 
come  from  any  point  of  the  objedl,  reunite  into 
an  equal  extent,  and  exadlly  in  the  fame  manner 
the  rays  which  come  from  all  the  different  points 
of  the  objedl,  and  confequently  the  image  of  the 
obiedl  formed  by  the  hyperbola,  will  be  moft 
lively  and  moft  perfe<ft  in  the  middle  point  *,  but 
in  the  other  points  it  will  be  fo  confufed,  that  it 
will  not  perhaps  be  any  more  an  image,  whereas 
thofe  which  are  formed  by  the  circles,  lefs  lively 
and  lefs  perfedf  in  the  middle,  are  at  leaft  equal 
in  all  their  parts.  Thus  the  fpherical  glaftes  are 
probably  beft  for  fight,  but  the  hyperbolical  ones 
would  have  the  advantage  in  burning  ;  for  one 
fingle  point  is  fufficient  for  this  effedl. 

However,  as  M.  Defcaries  was  defirous  to  ap¬ 
ply  hyperbolical  glaffes  to  telefcopes,  and  as  the 
hyperbola  has  at  leaft  the  advantage  in  burning, 
M.  Parent  was  not  willing  to  leave  the  proper¬ 
ties  of  this  figure  ufelefs,  and  thought  of  a  way 
of  bringir^  them  into  pradlice.  In  the  firft 
place,  there  muft  be  hyperbolical  moulds,  fome 
convex  and  other  concave,  againft  which  the 
pieces  of  glafs  muft  be  ground,  which  will  take 
one  of  thefe  figures. 

But  firft,  it  is  not  eafy  to  fiiape  thefe  moulds  into 
hyperbolas  at  one  fingle  firoke;  for  if  this  figure  is 
given  them  only  by  trying,  and  placing  one  point 
after  another,  we  fhould  make  a  work  not  very  ex- 
aft,  but  uneven  and  irregularly  curved.  2.  As  we  . 
are  accuftomed  to  hyperbolas,  of  which  the  de¬ 
termined  diameter  has  to  the  diftance  of  the/^'r/, 
\};xzratio  of  the  fines  ot  refraftlon  to  thofe  of  in¬ 
cidence. 
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cidence,  the  moulds  muft  be  made  fo,  that  the 
conftrudion  may  preferve  this  proportion  with 
extreme  exadlnefs.  3.  We  muft  take  care,  that 
the  figure  of  the  moulds  do  not  alter  by  the  fame 
motion,  and  by  the  fridlion  which  we  ufe  to  grind 
the  glafes,  which  fiiall  be  applied  to  them. 

M.  Parent  has  fiiewn  what  method  he  took  to 
overcome  thele  difficulties,  he  has  alfo  done  more 
than  his  defign  obliged  him  to  do,  he  has  found 
a  practice  for  turning  upon  the  common  turn, 
and  without  a  model,  all  forts  of  conoids,  that  is 
of  folids,  formed  by  the  revolution  of  fome  conic 
feftion  about  an  axis,  which  embraces  the  hyper¬ 
bolical  mould  as  a  fort  of  fpecies.  But  without 
taking  the  round  of  the  general  method,  that' 
which  is  for  the  hyperbolical  moulds  in  particular 
is  reduced  to  holding  again  ft  the  furface  of  the 
mould  a  folid  rule,  which  makes  with  the  axis  an 
angle  of  which  the  tangent  is  to  the  whole  fine, 
as  the  great  axis  of  the  hyperbola  fought  is  to  the 
fmall  ones. 

XIII.  Of  the  reduBion  of  the  motions  of  ani^ 
mals^  to  the  laws  of  mechanicks^  tranfated 
by  Mr,  Chambers. 

The  fame  laws  reign  every  where.  The  works 
of  nature  turn  on  the  fame  principles  as  thofe  of 
art  I  and  when  I  barely  lift  up  my  arm,  there  is 
a  power  raifing  a  weight  by  means  of  a  lever. 

This  mechanifm,  tho’  concealed  from  the  eyes, 
and  rendered  ftill  more  infenfible  by  the  facility  of 
natural  motions,  is  not  the  lefs  real.  When  my 
arm,  or  rather  that  part  thereof  between  the  el¬ 
bow  and  the  wrift,  having  before  been  pendant, 
comes  to  be  raifed  on  high,  it  moves  circularly 
about  the  elbow,  or  rather  about  a  point  to  be 
2  conceived 
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conceived  in  the  centre  of  the  articulation  of  the 
upper  joint  of  the  arm  with  the  lower.  This 
motion  is  efFe(5led  by  means  of  a  mufcle  arifing 
out  of  the  former,  inferted  into  the  latter  ;  which 
fwelling,  and  confequently  fliortning,  raifes  up 
the  arm,  and  thus  overcomes  not  only  the  weight 
of  the  arm,  but  that  of  the  hand  likewife,  which 
v/e  compute  at  6  Ih, 

If  the  arm  and  hand  were  a  mere  right  line, 
they  would  only  make  a  lever,  whofe  fixed  point 
might  be  fuppofed  in  the  centre  of  the  elbow : 
but  as  they  have  a  fenfible  bulk  or  thicknefs,  they 
are  at  the  fame  time  a  weight  to  be  fuftained. 

On  this  fuppofition,  if  their  weight  or  thick¬ 
nefs  be  every  where  equal,  their  centre  of  gra¬ 
vity  will  be  in  the  middle  of  their  bulk,  that  is 
about  8  inches  diftance  from  the  elbow  :  fo  that 
here  we  are  to  confider  a  weight  of  6  pounds, 
fufpended  at  8  inches  diftance  from  the  fixed 
point. 

If  the  mufcle  that  adls  be  fixed  to  the  arm  an 
inch  below  the  elbow,  and  pull  perpendicularly 
upwards,  while  the  weight  draws  perpendicularly 
downwards,  the  power  is  only  one  inch  diflant 
from  the  fixed  point,  while  the  weight  is  diflant 
8  inches.  And  as  this  weight  is  6  lb,  the  power 
muft  be  48  lb.  to  fuflain  it,  and  more  to  raife  it. 

But  the  power  does  not  pull  perpendicularly. 
The  mufcle  is  fixed  very  obliquely  to  the  arm, 
and  confequently  retains  the  fame  obliquity  of 
diredlion  when  it  a(5ls  ;  and  as  the  diftance  of  a 
power  from  the  fixed  point  is  meafured  by  a  per¬ 
pendicular,  drawn  from  the  fixed  point  to  the  di¬ 
rection  of  the  power  ;  and  this  perpendicular  is 
fo  much  fhorter,  as  the  diredion  is  more  ob¬ 
lique  ;  the  ftrength  of  the  mufcle  will  be  required 
confiderably  to  exceed  48  lb.  If  the  perpcndicu- 

VoL.  I.  N^.  9.  U  u  lar. 
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lar,  drawn  from  the  fixed  point  to  the  diredlion, 
be  only  equal  to  I  the  diftance  from  the  infertion, 
that  is,  be  only  |  an  inch,  the  force  mud  be 
96  lb.  Who  would  imagine,  that  in  only  lifting 
up  the  arm,  we  employ  a  force  of  96  lb. 

What  fur  prizes  mod  is,  that  nature,  notwith- 
danding  her  ufual  oeconomy,  which  never  fails  to 
take  all  poflible  advantages,  fhould  here,  contrary 
to  the  rules  of  mechanicks,  place  the  power  be¬ 
tween  the  fixed  point  and  the  weight  •,  and  thus 
make  it  draw  obliquely :  which  gives  it  the  ut- 
mod  difadvantages,  and  obliges  it  to  be  incom¬ 
parably  greater  than  the  weight.  —  Which  fame 
fuppofition  being  that  mod  ufually  in  mufcles 
would  almod  feem  at  fird  fight,  that  the  fove- 
reign  wifdom  had  here  forgot  itfelf. 

But  let  it  be  confidered,  that  a  fmall  power 
applied  advantageoufly  to  a  lever  to  raife  a  great 
weight,  mud  have  a  great  velocity,  and  pafs 
over  a  deal  of  fpace,  while  the  weight  only  raifed 
a  little  and  dowly.  On  the  contrary,  a  great 
power  applied  to  its  lever  difadvantageoufly,  and 
having  only  a  fmall  weight  to  fudain,  travels  over 
a  fmall  fpace,  while  the  weight  travels  a  deal. 

If  now  a  large  bell,  for  indance,  be  to  be 
raifed  to  the  top  of  a  deeple,  ’ds  enough  gene¬ 
rally  it  be  raifed  thither,  nor  matters  it  much  in 
what  time.  And  as  any  powers  we  have  to  ufe  are 
fmall  and  inconfiderable,  compared  to  the  large- 
nefs  of  the  weight,  ’tis  a  fine  advantage  to  have 
the  bell  rife  forne  20  or  30  fathom  in  a  day, 
while  e.g.  the  men  who  raife  it  travel  perhaps  fome 
leagues.  But  if  my  hand,  confiderered  as  a  weight, 
be  to  move  for  fome  office  ufeful  or  neceffiiry  for 
the  prefervation  of  life  ;  the  great  bufinefs  ufually 
is  to  have  it  njove  quickly  not  to  fpare  drength  ; 
which  confiding  in  the  contraction  of  x  mufde^ 
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and  the  quantity  of  fpirits  that  fwelJ  it,  is  always 
greater  than  needs  for  the  ordinary  motions. 

’Tis  true,  nature  might  have  given  the  fame 
velocity  to  the  weight,  by  having  the  mufcle  faf- 
tened  at  the  fame  difbance  from  the  fixed  point ; 
and  yet  have  faved  fomething  in  the  ftrength  of 
the  mufcle,  by  giving  it  a  perpendicular  direc¬ 
tion.  But  ’tis  clear,  that  in  this  diredlion,  it  would 
have  required  a  deal  more  room,  than  when 
couched  or  laid,  as  it  now  is,  along  the  bone  it 
is  to  pull.  Now  an  animal  being  an  affemblage 
of  an  infinite  number  of  different  machines,  the 
faring  of  room  is  a  very  material  confideration. 

Befides,  the  ftrength  of  a  mufcle  depends  on 
the  quantity  of  fpirits,  whereby  it  is  put  in  con¬ 
traction,  fo  that  the  advantageous  diredlion  of  a 
mufcle,  could  in  reality  have  only  ferved  to  fave 
fomething  in  the  quantity  of  fpirits.  Now  a 
great  quantity  of  this  juice  was  indifpenfibly  ne- 
ceftliry  on  other  accounts,  particularly  for  the 
offices  of  fenfation  •,  fo  that  the  excefs  of  ftrength 
is  provided  for  without  any  particular  expence. 

From  the  whole,  it  appears,  that  tho*  the  me- 
chanifm  of  animal  motion  departs  fomewhat  from 
the  common  mechanicks,  in  refpecfl:  of  the  pofi- 
tion  of  the  moving  power,  yet  it  is  finally  redu ' 
cible  to  the  fime  laws:  and  the  ftrength  of  a 
mufcle  may  be  exablly  computed,  provided  we 
know  the  v^/eight  it  is  able  to  fuftain,  the  fixed 
point  on  which  it  moves,  and  the  divifion  where¬ 
in  it  adls. 

Now  the  weight  a  mufcle  fuftains,  is  either  the 
mere  weight  of  the  part  it  draws,  or  that  weight 
with  fome  foreign  load  luperadded  thereto. 
Thus  by  the  weight  fuftained  by  the  mufcle, 
wiiich  bends  the  arm,  we  either  mean  the  natural 
weight  of  the  hand,  and  the  firft  joint  of  the 

IJ  u  2  arm  , 
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arm  ;  or  befide  this  weiglit,  the  greateft  foreign 
weight  which  can  be  bore  in  that  adion.  And 
take  which  way  you  will,  ’tis  experiment  only, 
tho’  an  experiment  eafy  made,  that  muft  deter¬ 
mine  what  this  weight  is. 

But  there  is  fome  difficulty  in  finding  the  fixed 
points,  and  diredlions.  The  mechanifm  of  thefe 
motions  is  fo  complicated,  that  the  application  of 
rules  thereto  become  very  precarious,  or  at 
leaft  difficult*,  the  intelligence  which  diredled 
thefe  works,  not  having  confined  itfelf  to  thofe 
fiinple  cafes,  which  we  are  accuftonied  to. 

The  celebrated  Borelli  was  the  firfl:  that  engaged 
in  enquiries  of  this  kind,  in  his  treatife  De  Mo- 
tibus  Animalium  *,  a  work  truly  laudible,  both 
for  the  merit  of  being  the  firfl,  and  for  the  many 
curious  truths  difeovered  therein.  Yet  M.  Fa- 
rent  hath  ventured  to  charge  it  with  want  of  exa(5t- 
nefs  in  certain  points,  and  even  gives  us  a  new 
general  theory,  whereby  a  further  degree  of  light 
is  brought  into  the  whole  matter  ;  a  little  fketch 
whereof  we  here  fubjoin. 

When  the  concave  end  of  one  bone,  receives 
the  convex  end  of  another,  and  this  fecond  being 
pulled  by  a  mufcle,  moves  upon  the  firft,  if  iheir 
figures  be  fuch,  that  during  the  whole  motion  the 
fecond  only  bears  upon  the  firll  by  a  fingle^  point : 
it  is  evident,  that  in  cafe  of  an  equilibrium  produ¬ 
ced  by  an  equality  of  two  oppofite  powers,  their 
common  direction  would  pals  through  this  point, 
which  therefore  is  the  fixed  point.  And  it  is  evi¬ 
dent  withal,  that  in  the  motion  of  the  bone,  this 
point  is  continually  changing  place,  which  is  one 
of  the  peculiarities  of  thefe  mechanicks. 

If  the  concavity  and  convexity  of  the  two 
bones  were  perfc(^t]y  fpherical  and  concentrical, 
they  would  touch  in  all  their  points ;  and  yet 

ftridlly 
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ftri6lly  fpeaking,  the  two  furfaces  would  reft  or 
bear  on  each  other  only  in  one  point  of  their  cir¬ 
cumferences,  which  point  would  be  the  fame,  as 
if,  having  been  neither  fpherical  nor  concentrical, 
they  were  rendered  fo  in  fome  inftant  of  their 
motion,  it  being  vifible,  that  this  would  make 
no  alteration  in  the  point  of  fupport.  Accord¬ 
ingly,  tho’  the  common  centre  of  two  concentric 
fpheres,  be  really  immovable,  during  their  mo¬ 
tion,  it  is  not  properly  and  abfolutely.the  point 
of  fupport,  but  that  which  is  a  point  of  the  circum¬ 
ference,  which  is  continually  fhifting  every  mo¬ 
ment  of  motion.  ’Tis  therefore  from  this  point 
that  we  are  to  meafure  the  diftances  of  the  mufcle, 
and  of  the  weight  v/hich  pull  againft  each  other. 
’Tis  true,  in  meafuring  them  'from  the  common 
centre  of  the  2  fpheres,  as  Borelli  has  done,  we 
come  at  the  fame  conclufion,  by  reafon  this  com¬ 
mon  or  compound  diredlion  does  alfo  pals  thro* 
the  centre  :  but  this  is  only  by  accident,  which 
would  not  obtain  in  other  figures :  and  it  is  necef- 
fary  to  know  precifely  and  univerfally  where  the 
real  point  of  fupport  is  found. 

This  being  had,  the  directions  of  the  weight 
and  the  mufcle  mud  likewife  be  found,  in  order 
to  draw  perpendiculars  to  the  fame  from  the  point 

of  fupport. - As  to  the  weight,  its  diredlion 

of  coLirfe  is  the  vertical  line,  whereby  it  tends 
downwards.  But  the  mufcle  being  frequently  tra- 
verfed  by  other  mufcles,  its  direction  in  fuch  cafes 
is  compounded  of  its  own,  and  that  of  the  others, 
fuppofing  them  to  aCt  at  the  fame  time.  How¬ 
ever,  as  they  terminate  in  the  fame  tendon,  which 
is  their  common  cord  whereby  they  pull  *,  this 
tendon  naturally  reprefen ts  their  compound  di¬ 
rection,  which  therefore  is  eafily  found. 


Thus 


342  T^he}:lis>roRY  andlS/lEMoiRsof  the 

Thus  much  only  regards  the  fimple  articulations, 
that  is  where  only  two  bones  are  joined  together  to 
perform fome motion.  When  thereare  feveral  bones, 
as  for  inftance,  the  vertebrss  of  the  fpina  doth, 
which  confpire  to  bend  the  back  inwards ,  the  ar¬ 
ticulation  is  compounded  :  and  the  application  of 
the  rules  may  be  faid  to  be  fo  likewife,  tho’  at 

bottom  they  amount  to  the  fame.- - When  the 

back  is  bent,  wc  may  fupnofe  that  too  contiguous 
vertebrse,  which  before  touched  in  the  vvhole  fur- 
face  of  one  of  their  fides,  begin  to  feparate  or 
open  outwards,  and  continue  ro  widen  further  and 
further,  as  their  difpofition  will  admit* ;  and  dur¬ 
ing  fuch  motion,  only  touch  by  a  fingle  line  which 
remains  common  to  them  in  their  bafe,  in  the 
middle  of  which  is  the  fixed  point. 

But  in  fadt,  the  cafe  is  not  fo  fiinple.  The 
bones  which  move  by  withdrawing  them  before 
contiguous  furfaces,  leave  no  vacancy  between 
them.  They  are  bound  together  by  cartilages, 
which  may  be  conceived  as  adhering,  on  both 
Tides,  to  their  whole  furface.  Thefe  cartilages, 
being  dilatable  and  comprefTible,  neceflarily  di¬ 
late  as  the  bones  tend  to  divaricate.  And  for  as 
much  as  this  dilatation  requires  a  certain  force, 
the  mufcle  which  produces  the  whole  motion, 
muft  have  this  over  and  above  what  is  required 
merely  to  raife  the  weight. 

To  eflimate  the  power  ncceffary  to  dilate  the 
cartilage,  M.  Parent  is  obliged  to  confider  the  re¬ 
finance  which  the  cartilage  makes  to  a  dilatation, 
as  a  povver  applied  at  a  certain  difcance  from 
the  fixed  point,  and  pulling  again  ft  the  mufcle. 
And  by  reafon  the  dilatation  is  greater  in  different 
parts  of  the  fame  cartilage,  in  proportion  as  they 
are  farther  difeant  from  the  fixed  point*,  the  di¬ 
latation  may  be  ccnfidered  as  velocities,  and  be 

1  taken 
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taken  for  the  point  where  the  whole  force  is  uni¬ 
ted  ;  which  would  be  the  centre  of  agitation  of 
the  plane  of  the  cartilage. 

If  two  or  more  bones  be  fo  dilpofed,  that  upon 
opening  them,  or  their  upper  fide,  they  approach 
on  the  lower  ;  and  of  confequence  dilate  one  half 
the  cartilage,  which  binds  them,  and  comprefs  the 
other  ;  the  fixed  point  will  be  in  the  middle  of 
the  cartilage  :  and  the  points  whereon  the  refi¬ 
nances  of  the  cartilages  both  to  their  being  com- 
prefTed  and  dilated  unite,  would  be  found  in  each 
of  their  halves,  after  the  lame  manner  as  the  point 
of  union  of  a  fingle  refiftance  would  have  been  in 
the  whole. 

A  compound  articulation  having  feveral  fixed 
points,  there  mufi;  be  the  fame  number  of  per¬ 
pendiculars  drawn  from  each,  both  to  the  di¬ 
rection  of  the  v/eight,  the  direction  of  the  mufcles 
whether  fimple  or  compound,  and  thofe  of  the 
cartilages. 

M.  Parent  divides  the  compound  articulations 
into  confecrative,  where  all  the  motions  tend  the 
fame  way,  alternate,  where  they  are  by  turns  diffe¬ 
rent  ways :  Thefe  laft  motions  are  eafily  reduced 
to  the  laws  of  the  firff. 

From  this  theory  may  the  flrength  of  that  pro¬ 
digious  number  of  machines,  which  are  played 
either  feparately  or  together  in  the  body  of  an 
animal,  be  computed,  and  the  relation  of  one  to 
another,  either  precifely  or  pretty  nearly,  be 
found.  If  we  could  but  likewife  enter  into  all 
the  views  which  required  fuch  different  relations 
of  powers,  and  the  advantages  arifing  from  them, 
what  intelligence  w'ould  not  be  confounded  there¬ 
with  ? 


XIV. 


^^44  History  and  Memoirs  of  the 

XIV.  Of  the  ref  fame  of  hollow  and  folid 

cylinders. 

If  this  queftion  was  propofed,  which  of  two 
flicks  equal  in  length,  and  cylindrical,  is  the 
eafieft  to  break  upon  the  knee,  that  which  is  en¬ 
tirely  folid,  or  that  which  is  hollow,  having  the 
fame  quantity  of  matter  with  the  other,  mofl 
people  would  not  hefitate  at  all  to  decide  that  the 
hollow  flick  would  be  the  eafieft  to  break. 

Neverthelefs  it  is  quite  the  contrary,  as  foon  as 
we  confult  the  principles  of  mechanicks.  When 
we  reft  a  flick  upon  the  knee  to  break  it,  we  reft 
it  by  fome  one  of  its  points,  and  it  is  the  point 
diametrically  oppofite,  which  will  take  a  circular 
motion  about  the  point  of  fupport,  while  the 
fradlure  is  made.  Here  then  is  a  lever,  and  this 
point  which  moves  circularly,  defcribes  an  arch 
fo  much  the  greater,  as  it  is  farther  diftant  from 
the  point  of  fupport,  or  from  the  fixed  point, 
and  confequently  it  has  fo  much  more  force  to 
refill  the  power,  which  tends  to  make  the  frac¬ 
ture.  A  thicker  cylinder  full  is  then  more  dif¬ 
ficult  to  break,  not  only  becaufe  it  contains  more 
matter,  upon  which  we  muft  adl,  but  alfo  becaufe 
the  diameter  of  its  bafe  is  greater,  and  the  extre¬ 
mity  of  its  diameter,  which  moves  in  the  fradlure, 
is  farther  diftant  from  the  fixed  point.  If  this 
cylinder  preferving  the  fame  quantity  of  matter, 
became  hollow,  it  is  vifible,  that  its  total  diame¬ 
ter,  that  is,  the  diameter,  as  well  of  the  hollow 
part,  as  of  the  folid,  would  neceffarily  increafe, 
and  confequently  alfo  one  of  the  caufes,  which 
made  its  force,  and  its  refiftance  againft  being 
broken. 


Every 
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Every  hollow  cylinder  is  then  ftronger  than  a 
full  cylinder^  which  has  only  the  fame  quantity 
of  matter  ;  and  this,  according  to  all  appearance, 
is  one  of  the  reafons  why  the  bones  of  animals  and 
the  culms  of  corn  and  grafs  are  hollow. 

Galileo^  the  firft  author  of  thefe  forts  of  in¬ 
quiries,  has  confidered  in  the  full  and  hollow  cy¬ 
linders,  having  their  bafes  formed  of  the  fame 
quantity  of  matter,  only  the  inequality  of  their 
diameters,  and  confequently  he  has  eftabliflied, 
that  the  refiftance  of  a  hollow  cylinder,  is  to  that 
of  a  full  cylindetj  as  the  total  diameter  of  the 
hollow  one  is  to  the  diameter  of  the  full  one. 

But  this  confideration  is  imperfect  in  this,  that 
the  extenfions  of  the  fibres  of  which  the  cylinders 
are  compofed,  are  not  taken  in.  Thefe  exten- 
fions,  and  confequently  the  refiftances  of  all  the 
particular  fibres,  continually  increafe  from  the 
fixed  point  to  the  mofi:  diflant  fibre,  which  muft 
break  the  firft,  and  which  we  may  fuppofe  in  the 
greateft  extenfion  that  it  can  fuffer.  It  is  the  fum 
of  all  thefe  unequal  refiftances  that  makes  the  re¬ 
fiftance,  which  all  the  fibres  together  oppofe  to 
the  power,  which  tends  to  break  them. 

Thus  the  total  refiftance  of  the  cylinder  de¬ 
pends  upon  three  things  *,  on  the  quantity  of 
matter,  that  compofes  the  bafe  ;  on  the  refiftance 
that  all  thefe  fibres  together  bring  to  their  exten¬ 
fion,  and  on  the  magnitude  of  the  diameter  of  the 
cylinder. 

There  remains  to  determine  and  exprefs  geo¬ 
metrically  thefe  magnitudes ;  and  it  is  this  that 
M.  Parent  has  done.  The  circles  of  the  bafe  of 
the  full  cylinders  muft  be  made  equal,  to  the  full 
bands  or  zones  of  the  hollow  cylinders,  and  we 
muft  find  the  infinite  fum  of'  the  unequal  re- 

'V^oL.  I.  N^.  9.  i  Xx  fiftances 
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fiftancesof  all  the  fibres,  which  is  a  particular  cafe 
of  the  general  method  of  M.  Varignon, 

M.  Parent  being  arrived  to  a  general  formula, 
which  contains  all  the  pofTible  refi fiances  of  hol¬ 
low  cylinders,  compared  to  the  full,  has  calcula¬ 
ted  upon  this  formula,  a  table,  where  he  fup- 
pofes  that  the  total  feini- diameter  of  a  hollow  cy¬ 
linder  is  always  100  parts ;  and  that  the  refiftance 
of  the  full  cylinder,  which  contains  in  its  bafe  as 
much  matter  as  the  other,  is  alfo  divided  into  100 
parts.  We  fee  by  the  table, 

I.  That  in  proportion  as  the  hollow  cylinder, 
of  which  the  radius  can  have  but  100  parts  of  a 
certain  determinate  magnitude,  has  more  void, 
and  confequently  lefs  matter,  it  makes  a  greater 
refiftance  than  the  correfpondent  full  cylinder. 
2.  That  this  inequality  of  refiftance  always  di- 
minifhes  in  proportion  as  the  hollow  cylinder  is  . 
lefs  hollow,  and  contains  more  matter  •,  that,  for 
example,  a  cylinder,  of  which  the  void  is  99  ra¬ 
dius,  and  I  in  thicknefs,  and  to  which  confe¬ 
quently  a  full  cylinder  anfwers,  which  is  only  14 
radius,  has  a  refiftance,  which  is  to  that  of  the 
full  cylinder,  as  848  to  100,  that  is,  as  8  to 
I  ;  and  that  the  cylinder,  which  has  50  in  void 
and  50  in  thicknefs,  and  to  which  a  full  cylinder 
of  87  radius  anfwers,  has  a  refiftance,  which  is 
to  that  of  the  full  one,  only  as  12 1  to  100.  3. 

That  the  hollow  cylinder  of  99  void,  the  refiftance 
of  which,  compared  to  that  of  the  full  one,  which 
is  radius,  would  be,  according  to  Galileo, 

7  7  times  greater,  has  one  8  times  greater  ac¬ 
cording  to  the  hypothefis  of  M.  Parent,  which 
is  alfo  that  of  M.  Mariotte. 


XV. 
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XV.  Of  a  machine  invented  by  Sebaftien'^. 

This  niachine,  invented  by  F.  Sehaftien^  was 
only  made  to  try  if  the  fall  of  bodi.es  followed  the 
proportion  of  Galileo  \  or  rather  to  fhew  by  expe^ 
riment,  that  it  did  follow  it  \  for  the  machine  was 
folely  conftruded  upon  this  hypothefis:  it  was 
formed  by  the  revolution  of  a  parabola  about  its 
axis,  and  the  circumferences  of  circles  of  fmall 
fpiral  planes,  which  were  the  different  fpaces  rqn 
over  by  the  failing  bodies,  reprefented  the  feries 
of  uneven  numbers. 

But  as  it  is  not  abfolutely  impoffible  to  efla^ 
blifh,  or  at  leaft  to  be  willing  to  try  fome  other 
hypothefis  than  that  of  Galileo^  upon  the  fall  of 
bodies,  M.  Varignon  found  the  thought  of  F.  Se- 
haftien  too  ingenious  not  to  ejctend  it  to  all  the 
hypothefes  imaginable. 

Whatfoever  hypothefis  therefore  we  take  upon 
the  fall  of  bodies,  M.  Varignon  requires  us  to  ex^ 
prefs  by  the  ordinates  of  a  curve,  the  different 
velocities  acquired  at  each  inflant,  that  afterward 
we  caufe  this  curve  to  make  a  revolution  about 
its  axis  perpendicular  to  the  horizon,  like  that 
which  the  parabola  makes  in  the  hypothefis  of 
Galileo  ;  and  laflily,  that  round  the  folid,  formed 
by  this  revolution,  we  direct  from  the  top  to 
the  bottom  an  inclined  plane,  which  makes  always 
the  fame  angle  with  the  curve,  that  it  always 
meets  after  it  has  formed  the  folid  ;  after  that,  he 
demonftrates  that  if  the  hypothefis  that  we  have 
taken  is  the  true  one,  a  body  that  fhall  fall  from 
the  top  of  this  machine,  by  the  inclined  plane, 
will  make  all  its  revolutions  round  the  machine, 
altho’  unequal,  in  equal  times,  which  happened 
at  leaft  fenfibly,  in  that  of  F.  Sebajlien^ 

*  See  pag>  30  of  this 
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The  efifential  principle  of  this  property  of  the 
machine  is  the  perpetual  equality  of  the  angles  of 
the  inclined  plane  with  the  generating  curve. 
From  this  equality  all  geometricians  will  very 
eafily  conclude,  that  all  the  different  portions  of 
the  inclined  plane,  taken  between  the  fame  arches 
of  the  folid,  and  if  we  may  ufe  the  expreffion, 
between  the  fame  meridians,  are  always  between 
themfelves  as  the  ordinates  of  the  curve  which 
anfwers  to  them.  Now  thefe  ordinates  exprefs 
the  acquired  velocities,  and  the  portions  of  the 
inclined  plane  are  the  fpaces  run  over  by  the 
means  of  thefe  velocities  •,  therefore  the  fpaces  are 
always  as  the  velocities,  therefore  different  fpaces 
are  run  over  in  the  fame  time. 

In  F.  Sehaftien's  machine,  all  the  angles  of  the 
inclined  plane,  and  of  the  arches  of  the  curve, 
were  very  near  right  ones,  which  was  fufficient  for 
the  fenfible  equality  of  the  time  of  the  fall. 

M.  Varignen  eafily  found,  that  in  his  general 
machine,  the  length  of  the  inclined  plane  will  aN 
ways  tie  to  that  of  the  general  curve,  as  the  total 
fine  to  the  fine  of  the  complement  of  the  angle 
of  the  inclined  plane. 
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Philosophical  Memoirs  of  the  Roval 
Academy  of  Sciences  at  Paris  for 
the  year  1702, 

I.  Obfervations  on  the  quantity  of  rain  which 
fell  at  the  royal  obfervatory  in  1701,  with 
fome  remarks  on  the  thermometer  and  baro^ 
meter.  By  M,  de  la  Hire 

TH  E  year  1701  fcemed  extraordinary  for 
the  drynefs  of  the  fpring  ;  it  was  however 
in  general  one  of  the  moft  rainy  years  that  we  have 
had  a  long  time.  For  there  fell  in  the  months  of 


Lines, 

Lines, 

Jan. 

July 

27-  ^ 

Feb. 

Aug. 

45 

Mar, 

22 

Sept. 

10 

Apr. 

1 

O(fi:ob. 

24  i 

May 

20  1 

Nov. 

19  i 

June 

38  i 

Dec. 

10  ^ 

The  fum  total 

is  256  lines  or 

21  inches 

lines 

We  find  hereby  that  there  was  no  rain  in  Aprils 
and  that  this  might  have  rendered  the  year  very 
unfruitful,  if  the  earth  had  not  been  moiftened  by 
the  rains  of  the  three  preceding  months.  For 
the  fnows  which  ufually  fall  in  winter,  and  remain 
upon  the  ground  in  this  feafon,  hardly  penetrate 
*  Jan.  7,  1702. 
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it  at  all,  and  there  would  be  need  of  a  very  great 
quantity  to  fupply  as  much  water  as  fell  in  the 
three  firft  months  of  this  year  ;  for  the  5  inches 
of  water  of  thefe  months  muft  have  been  fupplied 
by  2  feet  \  of  fnow,  which  would  have  been  very 
extraordinary,  without  reckoning,  that  the  great- 
eft  part  of  the  fnow  dries  before  it  is  melted,  ef- 
pecially  in  winter  when  the  air  is  very  dry  ;  and 
tliis  is  what  cannot  happen  to  the  water,  which 
has  entered  into  the  earth,  and  has  penetrated  it 
long  before. 

The  three  months  of  June^  Auguft^ 

have  commonly  fupplied  almoft  as  much  water  as 
all  the  reft  of  the  year  ;  but  thefe  great  fummer 
rains  are  quickly  diftipated  by  the  great  heat  of 
the  air,  and  by  the  drynefs  of  the  ground. 

The  cold  was  not  confiderable  ;  for  it  hardly 
froze.  My  thermometer  marks  the  beginning  of 
the  froft,  when  it  is  at  30  degrees,  and  it  fell  at 
the  loweft  but  to  28  whereas,  in  a  great  cold, 
fuch  as  w'e  have  fometimes  in  this  country,  it  fails 
to  7  degrees,  as  it  was  in  Feh.  1695. 

Towards  the  end  of  Jan.  and  beginning  of  Feb, 
1701,  which  was  the  coldeft  feafon,  my  ther¬ 
mometer  was  often  at  40  degrees,  which  is  not 
very  diftant  from  the  mean  ftate  of  the  air,  as  I 
have  found  upon  leaving  the  fame  thermometer 
at  the  bottom  of  the  cave  of  the  obfervatory  for 
fome  days,  where  the  liquor  always  kept  at  48 
degrees.  We  may  alfo  obferve,  that  on  the  laft 
day  of  NuV.  the  heat  was  as  great  as  on  the  12th 
o^June. 

The  heats  of  the  months  of  July  and  Aug,  were 
extraordinary ;  for  the  fame  thermometer  rofe 
pretty  often  to  65  degrees,  and  Sept.  i.  it  was  at 
65  degrees  f  at  the  higheft.  This  thermometer 
i3  always  expofed  to  the  air,  but  in  a  place  much 

2  flieltered. 
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Weltered,  and  not  expofed  either  to  the  wind  or 
fun  ;  and  all  the  obfervations  that  I  have  made 
on  it,  are  always  about  the  rifing  of  the  fun, 
which  is  the  time  of  the  day  when  the  air  is  moft 
cool :  for  the  hotteft  time  is  generally  at  3  in  the 
afternoon.  Wherefore  to  know  the  greateft  heat 
of  the  air,  in  a  place  not  affedled  by  the  fun,  I 
have  obferved,  that  my  thermometer  rofe  to  77 
degrees  i  with  a  ftrong  S.  E.  wind,  Jug.  1 7.  at 
3  I  in  the  afternoon,  which  is  a  mark  of  extreme 
heat.  This  thermometer  is  very  long,  and  may 
be  expofed  to  the  hot  fummer  fun,  without  the 
liquor’s  rifing  to  the  top  of  the  tube,  that  I  may 
mark  the  more  eafily  upon  it  the  degrees  of  heat 
and  cold,  even  when  it  is  expofed  to  the  fun. 

We  may  hence  conclude,  that  the  cold  of  the 
air  in  this  country  is  in  general  greater  than  the 
heat  in  the  abfence  of  the  fun.  For  the  mean  ftate 
of  the  air  being  48  degrees  on  my  thermometer, 
and  the  greateft  heat  77,  there  are  but  29  degrees 
of  difference,  which  being  taken  from  48,  there 
would  remain  19  degrees  for  the  mark  of  a  cold 
at  the  fame  degree  below  the  mean  that  the  heat 
is  above  it ;  and  yet  it  fometimes  happens  here, 
that  the  fame  thermometer  falls  to  7  degrees. 

We  may  obferve,  that  the  greateft  heat  of  the 
day  does  not  always  follow  the  heat  of  the  morn¬ 
ing,  as  may  be  feen  in  thefe  obfervations  t  for  the 
greateft  heat  of  the  morning  was  Sept,  i .  the  ther¬ 
mometer  marking  65  degrees  7,  and  that  of  the 
afternoon  Jug.  1 7,  and  on  that  very  day  it  was  in 
the  morning  a  litrle  lefs  than  on  Sept.  i.  for  the 
thermometer  marked  but  63  degrees,  which  may 
happen  from  feveral  particular  caufes. 

The  barometer  which  I  ufe  is  fimplc,  as  ufual, 
having  a  tube  of  moderate  thicknefs,  that  the 
quickfilver  may  have  the  more  liberty  to  move 

in 
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in  it ;  the  bottle  at  the  bottom  is  proportioned  to 
the  bignefs  of  the  tube,  -  fo  that  the  falling  or  rifing 
of  the  quickfilver  of  i  inch  |  in  the  tube,  is  not 
fenfible  in  the  bottle.  This  barometer  is  always 
placed  at  the  height  of  the  great  hall  of  the  obfer- 
vatory,  which  is  near  22  toifes  above  the  level  of 
the  furface  of  the  river  in  a  mean  ftate.  I  ob- 
ferved  it  was  at  the  lowed  this  year  at  26  inches, 
10  lines  March  6.  and  the  higheft  at  28  inches, 
%  lines  I  Feh,  9.  The  difference  therefore  be¬ 
tween  the  higheft  and  the  lowed  was  but  i  inch, 
4  lines  I,  which  is  fomething  lefs  than  the  com¬ 
mon,  which  is  I  inch,  6  lines. 

But  the  mod  confiderable  thing  that  has  hap¬ 
pened  this  year  is  the  hurricane  of  Feh,  2.  the 
wind  was  very  violent,  and  the  barometer  was  in 
an  almoft  mean  date  at  27  inches,  4  lines  f,  and 
there  was  but  i  line  \  of  rain,  which  may  be  ob- 
ferved  as  an  extraordinary  thing ;  for  in  great  mo¬ 
tions  of  the  air,  the  barometer  falls  very  low. 

I  found  the  declination  of  the  needle  to  be  8^ 
48'  Sept,  22.  W.  variation.  I  made  ufe  alfo  of 
the  fame  compafs,  of  which  the  needle  is  8  inches 
long,  and  very  well  fupported  on  a  very  flender 
pivot.  I  always  make  the  obfervations  againft 
one  of  the  pillars  of  the  lower  terrafs  of  the  ob- 
fervatory,  by  applying  the  fide  of  the  box  to  it, 
wherein  the  needle  is  inclofed,  and  by  this  means 
I  avoid  all  the  errors  that  could  happen  from  the 
podtion  of  the  compafs  on  the  meridian.  I  have 
formerly  proved  the  podtion  of  the  fide  of  this 
pillar,  by  the  fun’s  pading  the  meridian,  applying 
a  great  rule  to  it,  which  had  at  its  extremities  two 
fights  for  the  rays  of  the  fun  to  pafs  thro’ 5  the 
aperture  of  the  objeftive  dght,  and  the  trad 
marked  on  the  other,  were  in  a  line  exadly  pa¬ 
rallel 
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fallel  to  the  fide  of  this  rule,  which  was  applied 
againft  the  face  of  the  pillar. 

V 

11.  A  difcoiirfe  on  fome  properties  of  the  air ^ 
and  the  means  of  knowing  the  temperature 
of  irin  all  the  clunates  of  the  earth.  By 
M,  Amontons 

The  experiments,  which  1  have  made  three 
years  ago  on  the  dilatation  of  the  air  by  the  heat  ot 
boiling  water,  Ihewed  me,  that  unequal  maffes 
of  air  loaded  with  the  fame  or  equal  weights, 
augmented  equally  the  force  of  their  fpring  by 
equal  degrees  of  heat;  and  as  my  principal  end 
in  thefe  experiments  was  to  know,  how  much  the 
heat  of  the  boiling  water  increafed  the  fpring  of 
the  air  above  what  it  has  in  the  water,  which  we 
call  cold,  thefe  experiments  led  me  at  that  time  to 
think,  that  it  was  but  in  a  quantity  capable  of 
fuftaining  10  inches  of  quickfilver  in  height  be¬ 
yond  the  weight  of  the  atmofphere  :  but  having 
fince  carried  my  experiments  farther,  I  have 
found,  that  the  fpring  of  the  air  augmented 
by  the  heat  of  boiling  water,  was  not  fixed  to  fuf- 
tain  no  more  than  10  inches  of  quickfilver,  be- 
fides  the  weight  of  the  atmofphere  ;  but  that  it 
fuftained  more  or  lefs  in  proportion  to  the  weights 
with  which  it  was  loaded,  and  that  this  augmen¬ 
tation  was  always  about  the  third  part  ot  thefe 
weiu:hcs,  when  the  air  is  at  firft  in  the  date  which 
we  here  call  temperate,  and  lefs  than  a  third  part 
v/hen  the  air  is  hotter  ;  and  on  the  contrary,  more 
than  a  third  part  when  it  is  colder.  For  inftance, 
if,  when  it  is  temperate,  a  mafs  of  air  loaded  with 
30  inches  of  quickfilver,  comprehending  the  load 
df  the  atmofphere,  has  augmented  its  fpring  by 
*  Jtme  28,  i70’2. 
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the  heat  of  boiling  water,  fo  as  to  fuftain  lo  in¬ 
ches  of  quickfilver,  befides  the  load  equal  to 
inches  of  quickfilver  :  when  this  mafs  fhall  be 
loaded  with  6o  inches,  it  will  augment  its  fpring 
20  inches,  and  30  inches  when  it  fhall  be  loaded 
with  90,  and  fo  of  the  rell.  Whence  in  feems, 
that  we  may  draw  tliis  confequence,  that  the  fame 
degree  of  heat^  let  it  be  ever  fo  little^  may  conti¬ 
nually  increafe  the  force  of  the  fpring  of  the  air^  if 
this  air  is  continually  loaded  with  a  greater  and 
greater  weight.  And  as  we  have  already  obfer- 
ved,  that  unequal  mafTes  of  air  equally  augment 
the  force  of  their  fpring  by  equal  degrees  ot  heat, 
we  may  draw  this  other  confequence,  that  a  very 
fmall  parcel  of  air^  let  it  be  ever  fo  little^  may  ac¬ 
quire  a  greater  elafticforce^  and  greater  and  greater 
continually  by  a  very  fmall  decree  of  heat ^  if  this 
little  parcel  is  continually  loaded  more  and  more, 
Thefe  properties  of  the  air  may  perhaps  hereafter 
ferve  us,  to  explain  feveral  phyfical  elfedls,  of 
which  we  do  not  at  prefent  know  the  caufes. 

I  have  juft  now  faid  that  experience  had  taught 
me,  that  unequal  maffes  of  air,  loaded  with  equal 
weights,  augmented  the  force  of  their  fpring  equally 
by  equal  degrees  of  heat,  and  that  the  elaftic  forces 
which  they  acquired,  were  fo  much  more  confi- 
derable,  as  the  weights  with  which  they  were 
prefted  were  great  *,  the  reafon  of  which  is,  that 
the  maftcs  of  air,  either  being  in  the  fame  medhmiy 
or  confidered  as  fuch,  and  loaded  with  equal 
weights,  there  is  no  reafon  why  one  fhould  ac¬ 
quire  a  more  confiderable  elaftic  force  than  the 
other.  For  tho’  it  is  true,  that  if  thefe  maftes  of 
air  had  the  liberty  of  extending  themfelves,  the 
greater  would  increafe  their  bulk  more  than  the 
fmaller  ;  this  ought  not  however  to  take  place  in 
the  augmentation  of  tlieir  fpring,  fince,  accord- 

2  ing 
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ing  to  M.  Mariotteh  rule,  unequal  malTes  ot  air 
equally  loaded  mull  reduce  themlelves  to  bulks 
proportioned  to  their  firft  mafles,  to  acquire  new 
equal  degrees  of  elaftic  force  ;  and  that,  by  the 
reverfe  of  this  very  rule,  if  equal  malTcs  of  air 
unequally  loaded  have  a  liberty  of  extending 
themfelves,  they  will  really  poffefs  fpaces  pro¬ 
portioned  to  the  weights  with  which  they  are 
loaded  ;  but  not  being  able  to  extend  themfelves, 
they  muft  neceffarily  acquire  elaftic  forces  pro¬ 
portioned  to  the  fame  weights. 

When  I  had  difcovered  thefe  truths,  I  endea¬ 
voured  to  apply  them  *,  and  thought  I  could  make 
an  advantageous  ufe  of  them  in  bringing  ther¬ 
mometers  to  perfedtion.  ' 

Few  perfons  are  ignorant,  that  the  firft  ther¬ 
mometers  made  with  air  adlcd  not  only  by  the 
heat  and  cold  of  the  external  air,  but  ft  ill  more 
by  its  greater  or  lefs  weight,  and  that  the  motion 
of  thefe  thermometers,  caufed  by  the  weight  of 
the  air,  was  at  leaft  as  fenfible  as  that  which  was 
caufed  by  the  heat,  which  rendered  the  obfe'rva- 
tions  on  them  uncertain,  and  conlequently  of  no 
ufe.  It  is  true,  that  there  have  fmee  been  inven¬ 
ted  thermometers  of  fpirit  of  wine,  fealed  herme¬ 
tically,  which  feem  to  a6t  only  by  the  alterations 
of  the  air,  as  to  cold  or  heat :  but  befide  the  fpirit 
of  wine’s  not  receiving  the  imprefilon  fo  quickly 
as  the  air,  and  the  great  maffes  receiving  it  more 
ftowly  than  the  lefler  ones,  it  is  almoft  impoflible 
for  their  tubes  to  be  equal  from  one  end  to  the 
other  ;  whereby  the  lame  quantity  of  liquor, 
which  towards  the  bottom  might  perhaps  pofiefs 
no  more  than  40  parts  of  their  graduation,  when 
driven  up  towards  the  top  may  fometimes  poftefs 
45  or  50  moreorlcfs.  Whence  it  comes  topafs, 
that  if  theft  thermometers  were  regulated  only 

Y  y  2  according 
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according  to  the  greateft  heat  and  greateft  cold  of  a 
climate,  the  temperate  degrees  of  the  thermometers 
would  be  all  different  from  each  other,  tho’  they 
ought  to  be  exactly  the  fame.  But  farther,  let 
us  fuppofe,  what  is  not  true,  that  thefe  thermo¬ 
meters  have  none  ot  the  above-mentioned  defedts ; 
what  is  a  degree  of  heat  of  thefe  thermometers  ? 
what  knowledge  do  thefe  degrees  give  us  of  the 
temperature  of  our  climate }  It  is  certain,  that 
they  give  us  none  ;  the  firft  of  thefe  thermome¬ 
ters  were  graduated,  juft  as  it  happened,  on  the 
greateft  heat  and  cold  of  fome  years,  and  can  only- 
ferve  at  moft  to  ftaew  us,  that  fome  are  hotter  or 
colder  than  others :  which  is  of  no  great  ufe,  as 
we  cannot  certainly  know  the  difference,  and  thefe 
inftruments  are  not  at  ail  proper  to  tranfmit  to 
pofterity  the  obfervations,  that  may  be  made  on 
the  different  temperature  of  the  climates  :  for  to 
lay,  for  example,  that  laft  year  the  thermometer 
rofe  7  or  8  parts  more  than  the  preceding,  is  giv^ 
ing  no  better  intelligence  how  much  this  year  was 
hotter  than  the  other  *,  than  if  one  fhould  tell  a 
perfon ,  who  is  folicitous  about  knowing  the 
length  of  a  pendulum  that  fwings  feconds,  that  it 
is  as  long  as  fuch  a  ftick,  of  which  he  does  not 
know  the  length  :  but  if  one  fliould  tell  him; 
that  the  length  of  this  pendulum  is  3  feet,  8  lines  \  % 
then  as  theie  meafures  are  known  and  fixt  by  ufe, 
and  by  the  comparifon  that  may  be  made  of  them 
to  all  forts  of  dimenfions ;  he  has  no  longer  any 
reafonable  doubt,  that  may  require  to  be  cleared 
up.  It  is  not  fo  with  a  degree  of  the  thermome¬ 
ters  that  have  hitherto  appeared  ;  we  cannot  fay 
that  there  is,  for  example,  the  looth  part  of  the 
difference  between  the  greateft  heat  and  the  great¬ 
eft  cold  of  one  year,  feeing  thefe  differences  are 
hardly  ever  equal ;  and  if  they  were  fo,  it  would 

be 
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be,  at  mod  but  for  a  certain  climate  ;  thus  a  de¬ 
gree  of  the  thermometer  cannot  be  compared  to 
any  degree  of  heat,  and  confequently  cannot  be 
the  meafure  of  it.  On  the  contrary,  if  I  fay  the 
greateft  heat  of  laft  fummer  was,  for  example, 

of  that  of  boiling  water,  this  degree  of  heat  / 
being  known  by  thoufands  of  daily  effedls,  that 
which  I  would  have  known  becomes  fo  alfo,  and 
I  can  draw  all  the  confequences  from  it  that  I 
want.  We  mud  then  agree  upon  a  certain  degree 
of  heat,  condant  and  invariable,  known  by  every 
body,  to  which  we  may  compare,  and  which 
comprehends  all  the  other  degrees  of  heat  that  can 
be  in  the  air  which  we  breatlie*  This  is  proba¬ 
bly  what  the  late  M,  Colbert  intended,  when  he 
had  a  project  of  having  a  confiderable  number  of 
thermometers  condrudled,  and  to  lend  them  into 
different  parts  of  the  world  for  obfervations  to  be 
made  upon  them  :  but  probably  that  great  mi- 
nider  gave  over  the  defign,  only  becaufe  hejudly 
thought,  that  the  fpiric  of  wine  thermometers, 
fuch  as  they  had  then,  were  improper  for  the 
purpofe,  and  that  it  would  have  been  almod  im- 
pofTible  CO  edablifli  a  fufficient  uniformity  in  thefe 
thermometers. 

The  degree  of  heat,  necedliry  to  edablifh  an 
uniformity  in  the  condrudlion  of  thermometers, 
might  be  that  of  common  boiling  water,  expe¬ 
rience  having  fhewn  me,  that  it  cannot  acquire  a 
greater  degree  of  heat,  let  it  be  ever  fo  long  on 
the  fire,  and  let  the  fire  be  ever  fo  drong. 

*  ABCD  is  one  of  the  glafs  tubes,  which  I 
made  ufe  of  for  fome  former  experiments,  to 
know  the  increafe  of  the  fpring  of  the  air  by  the 
heat  of  boiling  water,  open  at  A,  bent  at  C,  and 
ending  in  a  ball  D.  The  bignefs  of  this  tube  is 

♦Plate  XVI.  Fig.  i. 
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about  i  line  within,  that  of  the  ball  3  inches 
a  little  more  or  lefs  without  confequence  ;  and 
herein  thefe  thermometers  have  a  great  advantage 
above  others,  by  the  equality  of  their  motion,  lb 
eafy  to  find  in  thefe  new  thermometers,  fo  diffi¬ 
cult  to  find  in  the  old  ones ;  the  length  of  this 
tube  from  A  toB  fhall  be  46  inches,  that  the  to¬ 
tal  AC  may  be  about  48.  Let  there  be  quick- 
filver  from  the  entrance  E  of  the  ball,  and  in  all 
the  reft  of  the  tube  quite  to  the  aperture  A  *,  fo 
that  the  ball  D  being  in  the  boiling  water,  the  air 
which  it  inclofes  may  fuftain  by  its  elafticity  73 
inches  of  quickfilver,  comprehending  the  weight 
of  the  atmofphere,  which  is  always  fuppofed 
equal  to  28  inches,  and  only  45  inches  without 
comprehending  it,  beginning  at  the  level  of  the 
quickfilver,  which  fhall  be  at  E  ;  then  the  furface 
of  the  quickfilver  in  the  tube  AB,  near  the  aper¬ 
ture  A,  fhall  be  the  term  from  whence  we  may 
begin  to  reckon  all  the  other  degrees  of  heat, 
which  fhall  be  lefs  than  that  of  boiling  water  : 
for  as  there  is  no  climate  upon  the  earth,  that  can 
be  fuppofed  to  be  as  hot  as  boiling  water,  we 
fhall  confequently  have  as  high  a  degree  of  heat, 
as  is  known  in  any  country,  which  will  compre¬ 
hend  all  below  it,  and  from  which  we  may  be¬ 
gin  to  reckon.  So  that  to  exp  refs  the  greater  or 
lefs  degree  of  heat  of  any  climate,  we  need  only 
count  the  number  of  inches  and  lines,  by  which 
the  furface  of  the  quickfilver  towards  A,  fhall  be 
lower  than  the  place  to  which  the  heat  of  the 
boiling  water  had  made  it  rife,  having  a  regard  alfo 
to  the  weight  of  the  atmofphere  at  the  time  of  the 
obfervation,  whether  it  is  more  or  lefs  heavy 
than  28  inches  of  quickfilver  *,  becaufe  the  furface 
of  the  quickfilver  towards  A,  will  be  too  low  by 
the  quantity  by  which  the  weight  of  the  atmo- 
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fpherefhall  exceed  that  of  28  inches  of  quickfiiver, 
or  too  high  by  the  quantity  which  fhall  fall  (hort 
of  thofe  28  inches.  Wherefore,  in  the  firft  cafe, 
we  muft  fubftra<ib  this  excefs  of  inches  and  lines, 
contained  from  the  degree  of  the  heat  of  the  boil¬ 
ing  water ;  and,  in  the  fecond  cafe,  we  muft  add  it. 
It  will  be  eafy  therefore,  by  the  afliftance  of  thefe 
thermometers,  to  know  the  temperature  of  all 
the  climates  of  the  earth,  and  to  conftrudl  other 
thermometers  with  fpirit  of  wine  for  each  climate, 
which  may  be  compared  with  thefe  new  air  ther¬ 
mometers.  The  degrees  marked  on  them  will  be 
no  longer  unknown,  and  we  may  tranfmit  our 
knowledge  to  pofterity,  to  obtain  the  advan¬ 
tageous  ufes  ^from  them,  which  there  is  room 
to  promife,  not  only  for  all  philofophicai 
ufes,  but  alfo  for  our  own  prefer vatiori.  The 
thermometer  muft  be  prepared  after  the  following 
manner. 

*  ABCD  is  a  little  bit  of  afli,  walnut,  or  any 
other  wood  of  like  nature,  about  an  inch  fquare, 
and  I  inch  in  thicknels  ;  in  the  thicknefs  of  which 
holes  muft  be  bored  from  fide  to  fide,  as  EF  a- 
bout  3  or  3  lines  j-  in  bignefs,  and  another  of 
like  bignels  as  GH,  to  communicate  only  with 
the  firft,  and  no  farther.  Then  apply  with  fome 
maftick  at  G  a  glafs  tube  I  LG,  about  4  feet 
long,  open  at  both  ends  IG,  and  bent  at  L,  a- 
bout  an  inch  from  the  extremity  G  ;  apply  after¬ 
wards  at  F  another  tube  as  FMNO,  open  alfo  at 
the  two  extremities  F  and  O,  fwolii  toward  F 
into  a  ball  M,  of  about  two  inches  in  diameter, 
at  f  inch  from  the  extremity  F,  bent  at  N  as 
near  the  ball  M  as  polTible,  and  defcending  a- 
gain  towards  O  with  6  or  7  inches  ;  apply  at  E 
another  end  of  a  tube  only  2  or  3  inches  long : 

*  Plate  XVI.  Fig.  2.  f  Fig.  3. 
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all  thefe  tubes  moft-  be  but  about  a  line  or  two 
on  the  infide,  except  the  extremity -O,  which 
mull  be  a  little  widened  to  receive  the  other  tubes 
more  eafily  that  are  to  be  applied  to  it.  Thefe  3 
tubes  muft  be  fo  applied  to  the  little  piece  of 
W'ood  with  mafticli,  that  the  quickfilver  let  in 
with  a  funnel  at  I  may  flow  freely  towards  F  and 
E,  and  may  pafs,  according  asdt  fhall  be  necef- 
fary,  either  thro’  the  tube  FM NO,  or  the  tube 
EP.  Obferve  to  .cover  this  whole  piece  of  wood 
well  with  maftick,  for  fear  the  quickfilver  fliould 
get  thro’  its  pores. 

This  little  machine  being  thus  prepared,  apply 
it  againft  a  wall,  making  the  ball  M  reft  upon 
two  nails,  and  tying  the  tube  *  IL  loofeJy,  a  little 
below  its  extremity  I,  with  a  piece  of  packthread 
to  another  nail  faftened  alfo  in  the  wall.  Apply 
alfo  with  fome  maftick  ijt  O  the  extremity  A  of 
the  thermometer,  into  which  you  would  introduce 
the  quickfilver,  making  the  bottom  of  it  lean 
upon  fomething  folid,  as  at  C,  after  which  clofe 
the  extremity  P  with  maftick,  and  then  with  a 
funnel  pour  the  quickfilver  in  at  the  extremity  E 
which  will  gradually  fill  the  ball  M,  and  pro- 
portionably  condenfe  the  air  of  the  ball  D.  When 
the  ball  M  is  quite  full,  and  the  quickfilver  be¬ 
gins  to  pafs  by  the  bending  N,  and  go  down  ta 
C,  leave  orf  pouring  in  the  quickfilver,  and  open 
the  extremity  P  by  heating  it  with  the  flame  of  a 
candle,  driven  thro’  a  little  pipe,  as  when  w'e 
feal  hermetically,  then  withdraw  the  quickfilver 
from  the  ball  M  by  the  extremity  P  j  and  if  the 
quickfilver  in  the  tube  AC  is  about  27  inches  a- 
bove  E  'f,  when  the  heat  ot  the  air  is  the  fame 
with  that  of  temperate  of  the  eighdi  climate,  and 

Fig.  4.  f  Fig.  I. 
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the  weight  of  the  atmofphere  is  equal  to  2  8  in¬ 
ches  of  quicklilver,  then  you  need  only  loofen  the 
tube  of  the  thermometer  from  the  tube  NO,  by 
heating  the  maffick  as  before  :  but  if  the  quick- 
filver  was  not  27  inches  above  E,  the  aperture  P 
muft  be  clofed  again  with  maffick,  and  the 
quickfilver  poured  again  by  I,  till  you  judge 
there  is  fome  air  entered  into  the  ball  D,  fuffi- 
cient  to  fuffain  the  quickfilver  in  the  tube  AC, 
27  inches  above  E,  which  may  eafily  be  known 
by  the  height  which  the  quickfilver  will  keep  in 
the  tube  LI ;  if  on  the  other  fide  the  quickfilver 
in  the  tube  AC  fhould  be  found  the  firff  time 
much  above  the  2  7  inches,  it  would  be  a  fign 
that  the  capacity  of  the  ball  M  is  too  large : 
then  the  glafs  of  the  thermometer  above  the  ma¬ 
chine  muft  be  taken  away,  and  emptied,  to  be¬ 
gin  to  fill  it  anew,  obferving,  before  you  put  the 
maffick  again  on  the  tube  NO,  to  put  into  the 
ball  M  a  fufficient  quantity  of  quickfilver,  to 
diminifh  its  capacity  by  about  the  quantity  that 
may  have  been  thought  too  great.  If  there  were  any 
perfons  who  had  the  mufcles  of  refpiration  ffrong 
enough  to  reduce  the  air  in  D,  by  blowing  thro* 
A,  into  the  fame  ffate  of  condenfation  withthefe 
27  inches  of  quickfilver,  they  need  only  make 
the  machine  ILMNO,  and  after  having  intro¬ 
duced  a  little  quickfilver  into  the  ball  D  with  a 
funnel,  blow  ffrongly  thro’  the  aperture  A,  till 
the  quickfilver  could  rife  in  the  tube  AC  27  in¬ 
ches  above  E :  but  few,  if  any,  are  capable  of  fo 
much  force,  and  the  fureff  way  is  to  make  ufe  of 
the  machine  above-mentioned. 

In  the  laff  place,  to  finifh  the  preparation  of 
the  thermometer,  obferve  with  a  fingle  barome¬ 
ter,  what  is  then  the  weight  of  the  atmofphere, 
and  what  height  of  quickfilver  it  will  fuffain: 

VoL.  I.  NLio,  Zz  ^  fublfraa; 


362  neUnro^Y  andyi^uoiR^  of  the 

^ubftra^l  it  from  73  inches,  and  mark  v/ith  fome 
colour  on  the  tube  *  CA,  beginning  over-againft 
E,  the  number  of  inches  and  lines  remaining  from 
the  fubftradlion.  Afterwards  dip  the  ball  D  in 
a  kettle  full  of  cold  water,  and  fetting  the  whole 
over  a  pretty  good  fire,  keeping  the  tube  AC 
always  even,  leave  it  till  the  water  boils  very 
brifkly  ;  as  faft  as  the  water  heats,  you  will  fee 
the  quickfilver  rife,  fo  that  when  the  water  is 
ready  to  boil,  it  will  begin  to  difgorge  by  the 
aperture  A,  if  the  weight  of  the  atmofphere  does 
not  then  exceed  28  inches  of  quickfilver  ;  and 
when  it  is  quite  boiling,  and  there  comes  out  no 
more  quickfilver,  it  muff  be  inclined  a  little  at 
feveral  times,  to  make  it  come  out  again,  and 
reduce  it  to  the  mark  made  towards  A,  that  is, 
to  the  necelTary  height,  to  equal  with  the  weight 
of  the  atmofphere  a  load  of  73  inches  of  quick¬ 
filver.  Then  this  thermometer  will  be  linifhed, 
and  there  is  no  more  to  do  but  to  take  it  gradually 
out  of  the  boiling  water,  for  fear  the  too  great 
cold  of  the  external  air  (hould  break  the  glafs. 

I  have  obferved  with  thefe  thermometers,  that 
the  air,  which  we  call  temperate,  fupports  about 
19  inches  of  quickfilver  lefs  than  that  which  is 
driven  by  a  degree  of  heat  equal  to  that  of  boil¬ 
ing  water.  I  have  faid,  that  which  we  call  tern- 
perate^  becaufe  we  are  not  fure  that  it  is  true, 
this  knowledge  prefuppofing  that  of  extreme  heat 
and  cold,  which  we  do  not  know  yet ;  but  in  the 
mean  whi^e,  till  we  can  eftablilli  the  neceflary 
correfpondences,  thofe  who  hav'e  a  mind  to  know 
more  on  this  fubject,  may  with  thefe  thermome¬ 
ters  make  feveral  experiments  to  carry  their  con¬ 
jectures  farther. 

*  Fig.  I. 

Obfer-^ 
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June  16,  1702.  I  expofed  to  the  Tun  at  noon  one 
ofthofe  fpiritofwine  thermometers,  which  being  fet 
out  in  the  open  air,  without  being  always  in  the 
fun,  extend  33  inches  from  the  greatcft  cold  to 
the  greateft  heat  experimented  at  Paris,  I  ex¬ 
pofed  near  it  at  the  fame  time  the  new  thermo¬ 
meter,  which  I  have  juft  defcribed,  and  obfer- 
ved  that  the  degree  of  the  fuh’s  heat  fuftained  1 3 
inches,  2  lines  j  of  quickfilver  lefs  than  that  of 
boiling  water,  and  5  inches,  9  lines  f  more  than 
that  of  the  temperate  air  of  our  climate.  During 
the  obfervation,  there  was  a  fmaJl  N.  E  wind, 
which  made  the  quickfilver  fometimes  fall  and 
fometimes  rife  half  an  inch,  whilft  the  fpirit  of 
the  other  thermometer  always  rofe  in  a  pretty  e- 
qual  motion  ;  fo  that  being  arrived  to  the  very 
top  of  the  glafs,  I  was  obliged  to  take  it  away 
from  the  fun,  for  fear  it  Ihould  break  ;  the 
weight  of  the  atmofphere  at  that  time  was  equal 
to  about  28  inches  of  quickfilver.  I  placed  this 
new  thermometer  another  time  in  water,  where 
there  was  a  good  quantity  of  ice,  and  the  quick- 
filver  fell  but  2  inches  below  temperate  •,  that  is, 
21  inches  below  the  degree  of  heat  of  boiling 
water',  whence  we  may  probably  conjedure,  that 
there  ftill  remains  in  the  ice  a  very  confiderable 
degree  of  heat;  which  we  may  eafily  know,  if 
we  confider,  that  after  the  firft  frofts  the  common 
thermometers  fink  very  confiderably. 

When  the  quickfilver  rifes  into  the  tube  BA, 
the  capacity  poflefted  by  the  air  in  the  ball  D, 
is  greater  in  ftridnefs  than  when  the  quickfilver 
falls  from  this  tube,  which  it  flaould  not  be,  ab- 
foJutely  fpeaking,  if  the  different  fizes  of  the 

Z  z  2  balls 
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balls  did  not  hinder  the  motion  of  the  quick- 
filver  in  thefe  thermometers  from  being  exadly 
equal  in  all.  Wherefore  in  the  following  expe¬ 
riments,  which  were  made  with  lefs  balls  than 
that  already  mentioned,  and  with  tubes  of  a  pretty 
large  aperture,  which  had  no  proportion  to  their 
balls,  we  muft  not  be  furprifed  if  the  motion  of 
the  quickfilver  is  notexaflly  fuch  as  has  been  men¬ 
tioned  ;  for  the  inequalities  of  thefe  very  experi¬ 
ments  have  fhewn  the  necefiity  of  determining 
more  exadlly  the  proportion  of  the  tubes  to  the 
balls  V7e  mufl  not  expedl  however,  that  the 
differences  which  proceed  from  the  different  fizes 
of  the  balls  are  very  confiderable,  much  lefs  that 
thofe  differences  follow  thofe  of  the  balls  j  fince 
fuppofing  2  balls  of  thermometers,  one  of  3, 
and  the  other  of  2  inches  in  diameter,  and  that 
the  ball  of  3  inches  is  applied  to  a  tube  of  an 
aperture  lefs  by  half  than  that  of  the  tube  applied 
to  the  ball  of  2  inches,  if  the  quickfilver  defcends 
in  the  firft  19  inches  below  the  place  to  which  the 
boiling  water  had  made  it  rife,  it  will  defcend  in 
the  fecond  at  leaft  1 8  inches ;  whereas,  according 
to  the  proportion  of  the  balls  and  tubes,  it  muft 
have  defcended  only  3  inches  in  this  laft. 

Saturday^  July  i,  1702.  There  were  inclofed 
in  two  glaffes  of  new  thermometers  2  unequal 
maffes  of  air,  one  about  double  of  the  other,  each 
of  them  loaded,  with  14  inches,  4  lines  of  quick- 
filver,  and  befides  with  the  weight  of  the  atmo- 
fphere,  which  was  found  to  be  27  inches,  6  lines  I, 
which  made  in  all  41  inches,  10  lines  f,  of  which 
the  third  part  1 3  inches,  1 1  lines  \  was  the  height 
to  which  it  was  eftimated  that  the  quickfilver 
ought  to  rife,  on  the  air  of  the  two  glaffes  being 
heated  by  the  heat  of  boiling  water.  Tf  efe  mea- 
f.ires  were  fo  regulated,  the  glaffes  dipping  in  the 

water, 
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water, cold  asit  was  then ;  for  by, feveral  experiments 
made  afterwards,  it  has  been  found,  that  liquids 
follow  the  temperature  of  the  air  in  which  they 
are.  The  whole  was  afterwards  fet  on  the  fire, 
which  was  raifed  till  it  made  the  water  boil  pretty 
brifkly  for  a  confiderable  time ;  and  it  was  ob- 
ferved,  that  when  the  quickfilver  was  rifen  in  the 
glafs  with  the  biggeft  ball  to  13  inches,  i  line  ; 
and  only  to  12  inches,  3  lines  in  the  ocher,  the 
quickfilver  ceafed entirely  to  rife  in  both:  thus 
the  quickfilver  rofe  in  the  firft  10  lines  |  lefs  than 
was  expe(51:ed  ;  and  in  the  laft  20  lines  As 
thefe  experiments  v/ere  made  in  hafle,  and  without 
preparation,  the  company  defiring  at  firfl.  only 
to  fee  thefe  new  thermometers  loaded  with  quick- 
filver,  feveral  circumflances  were  negledted,  which 
caufed  thefe  differences. 

I .  It  was  not  obferved  whether  the  ftate  of  the 
cold  water,  into  which  the  glaffes  were  plunged 
to  regulate  them,  was  that  which  we  here  call 
temperate  ;  for  the  experiments,  which  fervedas 
a  foundation  to  determine  this  augmentation  of 
the  elafticity  of  the  air  to  about  f  of  its  charge 
were  made  in  this  circumftance,  it  being  proba¬ 
ble,  that  this  augmentation  is  more  than  j,  when 
the  ffate  of  the  air  inclofed  in  the  balls  is  colder 
than  the  temperate,  and  Jefs  than  j  when  it  is 
•  hotter.  We  had  not  alfo  ufed  the  precaution  to 
have  the  tubes  of  a  bignefs  proportioned  to  the 
capacity  of  their  balls,  becaufe  we  thought  thefe 
tubes  fmall  enough  not  to  caufe  any  confiderable 
augmentations  in  the  bulks  of  the  air  inclofed  in 
thefe  balls. 

W'ednefday^  July  5,  1702.  The  2  glaffes  of  the 
preceding  experiment  were  put  again  into  cold 
water,  but  yet  hotter  than  temperate  ;  there  was 
added  a  fpirit  of  wine  thermometer,  and  an  air 
^  one 
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one  after  the  new  manner,  to  know  by  their 
means  the  ftate  of  this  cold  water,  and  fo  make 
the  corre(5lion  neceflary  to  the  height  of  the  quick- 
filver  contained  in  the  2  firft  glafles,  and  it  was 
found : 

1.  That  the  ftate  of  the  water  held  the  fpirit  of 
wine  thermometer  at  60  degrees,  that  is,  10  de¬ 
grees  above  temperate,  or  the  ftate  of  the  air  in 
very  deep  places,  as  for  inftance,  the  caves  of 
the  obfervatory. 

2.  That  the  air  thermometer  fuftained  15  lines 
of  quickfilver  more  than  the  temperate,  that  is, 
that  the  furface  of  the  quickfilver  in  the  tube  was 
27  inches,  3  lines  above  the  furface  of  the  quick- 
filver  in  the  ball. 

3.  That  the  furface  of  the  quickfilver  in  the 
two  tubes  of  the  glafles  of  the  preceding  experi¬ 
ment,  was  14  inches,  8  lines  above  the  furface  of 
that  of  their  balls. 

In  the  laft  place,  it  was  obferved  on  the  baro¬ 
meter,  that  the  weight  of  the  atmofphere  was 
then  equal  to  27  inches,  5  lines  of  quickfilver  ; 
fo  that  to  this  weight  there  was  added  that  of  14 
inches,  8  lines,  which  made  42  inches,  i  line, 
of  which  the  third  part  14  inches,  and  j  of  a 
line,  was  the  quantity  which  the  quickfilver  would 
have  rifen  in  thefe  tubes  above  14  inches,  8  lines, 
if  the  ftate  of  the  cold  water,  in  which  thefe 
balls  plunged,  had  been  that  of  temperate  :  up¬ 
on  which  it  may  be  remarked,  that  tho’  the 
quickfilver  of  the  air  thermometer  was  15  lines 
higher  than  temperate,  yet  there  were  taken  but 
12  lines  from  the  height  of  the  quickfilver  of  the 
glalTes,  becaufe  the  air  of  their  balls  not  being 
fo  loaded  as  that  of  the  ball  of  the  thermome¬ 
ter,  it  muft  not  have  increafed  its  fpring  fo  con- 
fiderablv  :  fo  that  it  was  determined,  that  the 

quick- 
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quickfilver  in  the  two  glafles  of  the  experiments 
muft  have  rifen  only  13  inches,  f  of  a  line,  by 
the  heat  of  the  boiling  water. 

As  it  was  wanted  only  to  know  by  experience, 
whether  unequal  malTes  of  air,  equally  loaded, 
increafed  the  force  of  their  fpring  equally  by  the 
fame  degree  of  heat ;  but  alfo  to  know,  whether 
this  augmentation  was  fo  much  the  greater,  as 
thefe  malTes  were  the  more  loaded,  and  whether 
it  was  always  about  f  of  the  loads  of  the  air  in 
the  ftate  of  temperate :  to  be  certain  of  this  by 
the  fame  experiment,  it  was  determined  alfo  to 
what  height  the  quickfilver  ought  to  rife  in  the 
air  thermometer,  by  the  heat  of  the  boiling  wa¬ 
ter  ;  and  as  the  height,  at  which  it  was  then 
found  in  the  cold  water,  was  27  inches,  3  lines, 
which  being  added  to  27  inches,  5  lines,  the 
weight  of  the  atmofphere  at  the  time  of  the  expe¬ 
riment,  made  in  all  54  inches,  8  lines  ;  of  which 
the  third  part  18  inches,  2  lines  f,  was  the  quantity 
which  it  ought  to  have  rifen  by  the  heat  of  the 
boiling  water :  but  as  the  cold  water,  tho’  war¬ 
mer  than  temperate,  in  which  it  was  dipped, 
kept  it  up  15  lines  above  temperate,  it  was  deter¬ 
mined  that  the  quickfilver  could  not  rife  again 
more  than  1 6  inches,  1 1  lines  j,  by  the  heat  of  the 
boiling  water. 

After  having  thus  determined  on  thefe  three 
glaffes  the  height  to  which  the  quickfilver  ought 
to  rife,  namely,  in  the  2  firft  to  1 3  inches,  f  of 
a  line,  and  in  the  lafl  to  1 6  inches,  1 1  lines  f  ; 
the  whole  was  fet  on  the  fire  as  before,  till  the  wa¬ 
ter  quite  boiled  ;  and  the  quickfilver  rofe  :o  the 
height  that  it  ought  in  that  of  the  two  firft  glafies, 
where  the  ball  was  biggeft,  and  where  the  dif¬ 
ference  was  but  10  lines  |  in  the  preceding  ex¬ 
periment  :  but  in  the  fecond, ,  there  wanted  about 


368  Tloe  llisT  o^Y  and  IS/Iemoirs  of  the 

6  lines ;  and  in  the  thei'mometer,  or  third  glals, 
there  wanted  2  lines  f,  which,  without  doubt, 
proceeded  from  the  bignefs  of  their  tubes  of  three 
glaffes,  being  confiderably  difproportioned  to 
the  bignefs  of  their  balls,  and  •  from  the  bulks 
of  air  not  remaining  conftantly  the  fame,  but 
altering  as  the  quickfilvcr  of  the  balls  is 
driven  into  the  tubes,  as  was  faid  before  ;  for 
tho’  it  is  proved  by  all  thefe  experiments,  that 
the  air  does  not  dilate  in  proportion  to  its  bulk, 
as  fpirit  of  wine,  and  all  other  liquors  do,  and 
that  therefore  it  does  not  feem  neceflary,  that  the 
balls  and  their  tubes  fhould  be  fo  proportioned  to 
each  other,  as  to  acquire  equal  degrees  of  elafti- 
city,  the  bulks  of  air  muft  remain  the  fame,  or 
at  lead:  increafe  proportionably  from  what  they 
were  before  the  heat  had  a(5i:ed  upon  them  *,  and 
tho’  it  is  impoffible,  let  the  tubes  be  ever  fo 
narrow,  that  the  quickfilver  driven  in  Ihould  not 
alter  thefe  bulks  a  litile  *,  yet  it  is  neceffary,  in 
order  to  obtain  a  perfefl  uniformity  in  the  motion 
of  the  quickfilver  of  thefe  thermometers;  that  the 
tubes  fhould  be  nearly  proportioned  to  their  balls  ; 
for  the  little  exadlnefs  is  here  of  no  confequence. 

Saturday^  July  8,  1702.  A  glafs  of  the  new 
thermometer  was  charged  with  quickfilver,  after 
the  fame  manner,  and  with  the  machine  defcribed 
in  the  former  part  of  this  paper.  The  glafs  was 
afterwards  put  in  water  over  the  fire,  which  was 
increafed  as  ufual  till  it  quite  boiled.  In  this 
ftate  we  finillied  the  reducing  of  the  height  of  the 
quickfilver,  which  was  rifen  higher  than  the  4^ 
inches  above  that  of  the  ball  exactly  at  thefe  45 
inches  as  was  faid  before,  except  that  there  was  no 
regard  had  to  the  weight  of  the  atmofphere,  which 
was  then  27  inches,  4  lines,  that  is,  8  lines  lighter 
than  it  ought  to  have  been,  and  that  confequently 

there 
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there  muft  have  been  45  inches,  8  lines  of  furface 
to  the  other  to  make  the  total  charge  be  73  in¬ 
ches. 

I  have  faid  before,  that  the  air  which  we  call 
temperate,  fuftained  19  inches  of  quickfilver  lefs 
than  the  heat  of  .  boiling  water.  The  day  before 
thefe  experiments  were  made,  I  placed  two  of  thefe 
new  thermometers  in  the  caves  of  the  obfervatory, 
one  fell  to  18  inches,  10  or  ii  lines,  the  other 
only  to  1 8  inches,  6  or  7  lines.  From  all  thefe 
experiments  therefore  we  may  conclude, 

1.  That  when  the  bigneis  of  the  tubes  is  not 
proportioned  to  the  capacity  of  the  balls,  unequal 
mafles  of  air  increafe  almoft  equally  the  force  of 
their  fpring  by  the  fame  degree  of  heat. 

2.  That  the  more  thefe  malTes  of  air  are  loaded, 
the  more  they  augment  the  force  of  their  fpring 
by  the  fame  degree  of  heat. 

That  this  augmentation  would  probably  be  a- 
bout  4  of  the  loads  at  the  time  of  temperate,  if 
thefe  mafles  did  not  increafe  their  bulks,  by  driv¬ 
ing  into  the  tubes  a  part  of  the  quickfilver  con¬ 
tained  in  the  balls. 

4.  And  that  laftly,  it  is  probable  alfo,  that  the 
elfedls  would  be  uniform  in  all  thefe  glaffes,  of 
what  fizes  foever  the  balls  may  be,  if  the  capa¬ 
cities  of  thefe  balls  were  proportioned  to  the  big- 
nefs  of  their  tubes,  as  I  have  really  found  by  ex¬ 
periment  ;  upon  which  it  may  not  be  amifs  to 
obferve,  that  having  broken  the  glalTes  ufed  in 
the  experiments  of  July  5,  in  which  the  quick- 
filver  ought  to  have  rifen  to  1 3  inches,  of  a 
line  by  the  heat  of  boiling  water,  tho’  it  did  not 
rife  to  this  height,  except  in  the  firft  of  the  two 
glaffes,  and  only  to  12  inches,  6  lines  j  in  the 
lecond  ;  and  that  having  exadtly  meafured  with 
quickfilver  the  cap.acity  both  of  the  tubes  and  the 
VoL.  I.  10.  Aaa  balls, 
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balls,  I  found  that  on  the  length  of  31  inches 
the  capacity  of  the  firft  tube  was  part  of  the 
capacity  of  its  ball,  and  that  the  capacity  of  the 
tube  wherein  the  quickfilver  rofe  only  to  12  in¬ 
ches,  6  lines  f,  was  part  of  the  capacity  of 
its  ball ;  whence  we  fee,  that  tho’  this  laft  tube 
w.  s  almofl  twice  as  big  as  it  ought  to  have  been, 
yet  the  difference  was  but  6  lines,  that  is,  about 
part  of  the  height  to  which  the  quickfilver 
rofe,  whereas  it  fhould  have  been  near  half,  that 
is,  about  6  inches,  if  the  motion  of  the  quickfilver 
in  thefe  two  glaffes  had  been  made  according  to 
the  proportion  of  the  tubes  to  the  balls,  as  it  would 
have  happened,  if  they  had  been  full  of  fpirit  of 
wine,  or  any  other  fluid  than  air.  We  fee  alfo  by 
this  experiment,  that  the  fmalier  the  capacity  of 
the  tubes  is,  in  comparifon  of  the  balls,  the  more 
the  increafe  of  the  fpring  of  the  air,  by  the  heat 
of  the  boilino;  water  above  what  it  is  in  the  tern- 
perate  flate,  approaches  more  truly  to  the  third 
part  of  the  load  which  this  air  fupports :  but  as 
thefe  tubes  were  already  fo  fmall,  that  it  is  not 
convenient  to  leflen  them,  it  would  be  better  to 
increafe  the  bignefs  of  the  balls,  and  to  make 
them  3  or  4  inches  in  diameter. 

AI.  Mariotte’j  rule  for  the  equilibrium  of  the  air 

by  its  fpring. 

When  the  height  of  the  quickfilver  with  which 
we  propofe  to  load  a  mafs  of  air,  prefled  at  firfl: 
only  by  the  weight  of  the  atmofphere,  which  he 
fuppofes  with  me  equal  to  28  inches  of  quickfil- 
ver,  is  given,  and  we  would  find  the  bulk  to 
which  the  air  would  be  reduced  by  this  load, 
M.  Aiariotte  confiders  this  mafs  of  air  as  inclofed 
in  the  branch  ^  EC,  of  the  tube  ABC  of  equal 

^  Plate  XVI.  Fig.  5. 
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bignefs  in  its  whole  length,  open  at  "A,  bent 
fquare  at  D  and  E,  and  clofed  in  C,  the  part  B 
is  full  of  quickfilver  to  the  prickt  line  DE,  the 
branch  DA  ferving  to  contain  the  loads  which 
ferve  to  prefs  the  air  at  EC  ;  after  this,  M. 
riotte  makes  the  following  analogy  :  As  the  fum 
of  the  weight  of  the  atmofphere,  and  of  the 
height  of  the  quickfilver,  with  which  we  propofe 
to  load  the  mafs  of  air  EC  is  to  28  inches  of  the 
atmofphere,  fo  is  the  bulk  of  air  EC  to  the  bulk 
to  which  this  load  reduces  it. 

Now  to  make  application  of  this  rule  to  our 
experiments,  let  us  fuppofe'3  tubes,  as  ABC, 
in  which  the  tubes  EC  are  to  one  another  in  the 
proportion  of  i,  2,  3,  and  confequently  the 
mafiTes  of  air  which  they  inclofe :  let  us  fuppofe 
alfo  the  load,  with  which  thefe  mafles  of  air  are 
to  be  prefTed,  equal  to  45  inches  in  height  of 
quickfilver  ;  then  to  have  the  bulk  to  which  the 
air  will  be  reduced  in  the  firfl  glafs,  it  muft  be, 
I.  as  73  inches  (the  fum  of  the  weight  of  the  at¬ 
mofphere  28  inches  and  of  the  load  45  inches)  is 
to  28  inches  (the  weight  of  the  atmofphere)  fo 
is  I  (the  bulk  of  air  prefTed  only  by  the  atmo¬ 
fphere)  to  the  bulk  of  air  loaded  with  45  in¬ 
ches  in  this  firfl  glafs.  2,  To  have  the  bulk  to 
which  the  quickfilver  will  be  reduced  in  the  fe- 
cond  glafs,  it  muft  be  as  73  inches  to  28,  fo  2  to 
75  the  bulk  of  air  loaded  with  45  inches  in  the 
fecond  glafs.  3,  In  the  lafl  place,  to  have  the 
bulk  to  which  the  quickfilver  will  be  reduced  in 
the  third  glafs,  it  muft  be  as  73  inches  to  28  in¬ 
ches,  fo  3  to  the  bulk  of  air  loaded  with  45  in¬ 
ches  in  the  third  glafs.  Now  as  thefe  fradlions  f  f  ^  f- 
f  ^are  to  one  another  as  the  numbers  i,  2,  3,  thefe 
unequal  mafles  of  air  by  acquiring  equal  forces 
of  elaflicity,  have  not  changed  the  proportion 

A  a  a  2  that 
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that  they  had  to  each  other,  and  confequently  they 
muft,  continuing  the  fame,  acquire  equal  force 
of  elafticity,  feeing  the  caufe  which  produces 
them  is  equal,,  as  the  degree  of  heat  is  here  fuppo- 
fed  to  be. 

Befides,  we  can  hardly  have  any  other  idea  of 
the  parts  of  fire,  than  that  they  are  in  a  continual 
and  very  violent  motion  ;  nor  can  we  conceive 
how  thefe  parts  can  heat  thofe  of  the  moil  folid 
bodies,  but  by  fuppofing  that  by  the  effort  which 
they  make  to  penetrate  them,  they  communicate 
a  part  of  their  motion  to  them. 

But  as  in  the  experiments  which  fhew  that  un¬ 
equal  maffes  of  air  acquire  equal  forces  of  elafli- 
city  by  the  fime  degree  of  heat,  it  is  eafy  to 
judge  by  the  preceding  calculation,  that  all  the 
parts  of  air  which  compofe  the  three  different 
bulks  of  air,  are  neither  more  nor  lefs  clofe  the 
one  than  the  other,  and  that  befides,  the  parts  of 
fire,  which  put  them  into  motion,  being  in  like 
manner  the  fame,  they  cannot  communicate  more 
to  one  than  to  another.  It  is  true,  that  unequal 
maffes  of  air  cannot  acquire  unequal  forces  of  e- 
laflicity  by  the  fame  degree  of  heat,  but  on  the 
contrary,  they  muft  acquire  equal  ones,  and  this 
is  what  is  confirmed  by  experience. 

As  for  the  fame  malfes  acquiring  fo  much 
greater  forces  of  elafticity,  by  the  fame  degree  of 
heat,  as  they  are  more  loaded,  it  is  eafy  to  con¬ 
ceive,  that  the  more  the  maffes  of  air  are  loaded, 
the  more  parts  of  air  they  contain  in  the  fame 
fpace,  and  confequently  the  parts  of  fire  cannot 
infinuate  themfelves  between  thefe  parts  of  air, 
with  the  violence  Vv'hich  we  know  they  employ  in 
feparating  the  moft  immoveable  parts  of  the  moft 
folid  bodies,  without  feparating  thefe  parts  of  air 
from  each  other;  whence  it  neceifarily  follows, 
3  that 
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that  the  more  parts  of  air  there  are  in  the  fame 
fpace,  the  greater  the  augmentation  of  the  bulk, 
to  which  the  heat  reduces  it,  ought  to  be  :  but 
as  the  caufe,  which  would  augment  the  bulk  of 
an  elaftic  body,  fuch  as  the  air  is  if  it  had  liberty 
to  extend  itfelf,  would  in  like  manner  augment 
the  force  of  its  fpring  if  it  had  not  this  liberty; 
it  necelTarily  follows,  that  the  more  the  mafles  of 
air  are  loaded,  the  more  the  fame  degree  of  heat 
mull  make  them  acquire  a  greater  elaftic  force, 
this  is  what  really  does  happen. 

As  for  the  experiment  Ihewing  that  the  elaftic 
force,  which  the  air  acquires,  when  it  is  heated  by 
the  warmth  of  boiling  water,  is  about  f  of  what  it 
has  been  when  temperate;  wedonotyet fufticiently 
know  whether  this  happens  by  a  neceflary  confe- 
quence  of  fome  principles,  or  whether  it  is  a 
mere  effecft  of  chance.  In  the  mean  time  all  that 
v/e  can  do  therein,  is  to  aflure  ourfelves,  by  a 
long  feries  of  experiments,  of  the  truth  of  the 
fa6t. 

III.  A  comparifon  of  the  ancient  itinerary 
meajures  with  the  modern^  by  M,  Callini 

As  the  defcription  of  all  the  earth  is  made  by 
the  dimenfions,  that  have  been  taken  in  diverfe 
places  and  at  diverfe  times,  as  well  in  the  heavens 
as  in  the  earth,  and  as  the  meafure  of  the  earth  is 
determined  varioufly  by  various  people,  and 
changes  with  time ;  nothing  is  of  more  confe- 
quence  in  geography,  than  to  know  the  propor¬ 
tion  of  the  itinerary  meafures,  which  the  ancient 
geographers  ufed  in  the  defcription  of  a  countiy 
to  the  modern  meafures. 

The  itinerary  meafures  are  fometimes  different 
f  Jan,  28,  1702. 
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from  thofe,  which  are  ufed  in  commerce  and  in 
architefture.  We  fall  into  great  errors,  when  wc 
ufe  them  indifferently  in  geography. 

^he  meafure  of  the  dijlance  from  Narbonne  to 

Nifmes. 

In  the  laft  journey  that  we  made  by  the  king^s 
order  into  feveral  provinces  of  France^  we  have 
compared  the  diftances  that  we  have  found  be- 
between  the  ancient  towns  and  thofe  of  the  fame 
towns,  related  by  the  ancient  geographers.  We 
fhall  here  relate  fome  examples  of  them.  The  di- 
flance  from  Narhonne  to  Nifmes,  by  our  dimen- 
fions,  is  6y ^oo  Paris  toifes. 

Straho  places  Narbonne  88  miles  from  Nifmes ; 
the  road  from  one  of  thefe  towns  to  the  other  is 
pretty  ftraight,  and  there  is  but  little  redudtion 
to  make.  Divide  67500  toifes  by  88  miles,  there 
comes  to  each  767  We  throw  out  this  fmall 
fradtion,  becaufe  we  cannot  pretend  to  have  ex¬ 
actly  the  fame  bounds  of  thefe  two  towns,  which 
were  taken  by  the  ancients.  Each  pace  was  5 
feet,  and  the  mile  5000  feet,  the  foot  is  divided 
into  12  inches.  The  toife  is  6  Paris  feet,  there¬ 
fore  767  toifes  make  4602  feet.  Rejedling  two 
feet  in  fo  large  a  number,  of  which  it  is  difficult 
to  be  certain  in  the  pradlice,  in  round  numbers 
4600  Paris  feet  will  be  equal  to  5000  ancient 
geographical  feet,  which  are  as  46  to  50,  or  23 
1025.  > 

Thus  the  Paris  foot  of  12  inches  will  be  equal 
to  a  foot  and  an  inch  and  ^^5  of  an  inch  of  the 
ancient  meafure,  and  the  ancient  foot  will  be  e- 
qual  to  1 1  inches  and  -.f  of  the  Paris  foot.  If 
we  fuppofe  the  ancient  mile  be  764  toifes  it  will 
be  fmaller  by  ,3  toifes  than  by  this  comparifon, 
ard  the  ancient  geographical  foot  will  be  exadfly 
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to  iht  Paris  foot,  as  ii  to  12,  We  muft  now 
fee  if  the  other  ancient  geographers  agree  with 
Strabo  in  this  meafure. 

By  the  itinerary  of  Antoninus^  they  reckon  one 
time  between  Nifmes  and  Narbonne  8  7  miles,  ano¬ 
ther  time  91 ;  the  dimenfion  of  Strabo  is  between 
the  two.  By  the  ancient  table  of  Peutinger^  they 
reckon  it  95.  We  (hall  prefer  the  dimenfions  of 
Strabo^  who  jived  in  the  time  of  Auguflus  and 
Tiberius^  the  meafures  of  the  great  roads  having 
then  been  made  with  care.  We  have  neverthelels 
examined  which  of  thefe  meafures  agree  moft 
with  others,  which  have  been  taken  in  Italy^  as 
well  at  the  time  of  the  Romans^  as  in  our  time. 

ne  meafure  of  tbe  difiance  from  Bolonia  to 

Modena. 

Antoninus*s  itinerary  marks  many  times  the 
diftance  from  Bolonia  to  Modena^  and  always 
makes  it  25  miles.  The  table  of  Peutinger  makes 
it  alfo  2  5  miles. 

Thefe  two  cities  are  crofTed  by  the  Emilian 
way,  which  in  this  interval  was  llraight.  The 
fort  Urhano^  which  they  have  built  upon  if, 
makes  it  at  prefent  turn  a  little.  But  we  fhail. 
make  ufe  of  the  fame,  which  has  been  taken  by 
the  means  of  triangles  in  a  right  line. 

F.  Riccioli  and  Grimaldi  have  carefully  taken 
the  diftance  between  the  towers,  which  are  in  the 
middle  of  thefe  two  cities  of  a  great  height.  I 
afllfted  at  feme  of  the  obfervations  that  they  made 
at  Bolonia^  and  I  examined  their  ftations  at  Mo¬ 
dena,  They  found  the  diftance  between  thefe  two 
towers  1 9,666  paces  of  Bolonia^  which  are  5  feet 
each.  The  Bolonian  foot  drawn  from  the  fame 
original,  from  whence  F.  Riccioli  took  his,  com¬ 
pared  to  the  Paris  foot  by  us,  is  to  the  Paris 
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foot,  as  701  to  600.  Thus  600  feet  of  Eolonia 
are  equal  to  701  Paris  feet.  The  pace  of  Bob- 
Ttia  is  5  Bolonian  feet ;  and  the  Paris  toife  is  6 
Paris  feet :  divide  600  by  5,  we  fhall  have 
120  *,  and  multiply  that  by  6,  and  we  fhall  have 
720  paces  of  Eolonia^  equal  to  701  toifes  of 
Paris, 

Now,  as  720  is  to  701,  fo  is  19,666  paces  of 
Eolonia  to  19,147  toifes  of  Paris^  which  is  the 
diftance  from  Eolonia  10  Mo  den  a ,  by  the  dimen- 
fion  of  F,  Ricctoli  and  Grimaldi  reduced  into  toifes. 
But  this  diftance,  by  the  agreement  of  tl>e  ancient 
itineraries,  is  25  ancient  miles:  dividing  then 
19,147  toifes  by  25  miles,  we  fhall  have  766 
toifes  for  a  mile,  within  almoft  one  toife  of  767, 
which  we  found  before,  by  the  comparifbn  of  the 
diftance  between  iV//^?^jand  Narbonne  given  by 
Strabo^  with  thofe  which  we  have  determined  by 
our  obfervations. 

An  inquiry  into  the  fituation  of  the  temple  of  the 

Pyrenean  Venus. 

We  made  ufe  of  this  meafure  of  the  ancient 
miles  to  find  the  place  where  the  temple  of  the 
Pyrenean  Venus  formerly  was,  which  Strabo  places 
on  the  confine  of  the  Narbonnefe  Gaul  with  Spain^ 
63  miles  diftant  from  Narbonne.  This  diftance 
at  the  rate  of  767  toifes  for  a  mile,  following 
the  dimenfions  drawn  from  that  of  Narbonne  to 
Nifmes^  wmuld  be  48,321  toifes.  Altho’the  ety¬ 
mology  fliews,  that  Port-Vendre  is  the  port  of 
Venus ^  as  Vendredi  is  the  day  of  Venus ^  yet  this 
diftance  does  not  agree  at  all  with  that  of  Port- 
Vendre^  which  is  near  Colioiire,  Perhaps  the 
port  of  Venus  was  diftant  from  the  temple  of  Ve¬ 
nus^  or  there  were  two  ports  on  that  fide  a  little 
diftant  from  one  another,  which  had  the  fame 

name3 
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name.  There  was  another  Port-Vendre^  called 
now  l^Etang  de  Vendre  Narbonne,  The 
diftance  that  is  between  Port  Vendre^  which  is 
near  Colioure  and  Narhonne^  according  to  our  di- 
menfions,  is  41,000  toifes  lefs  than  that  which 
we  have  juft  found  by  7,321  toifes. 

At  the  diftance  of  48,300  toifes  from  Nar^ 
bonne  is  the  Selve^  where  there  is  a  port  capable  of 
a  good  number  of  gallies,  with  a  tower  to  defend 
the  road.  It  is  larger  than  Port-Vendre  nearC^?- 
lioure^  and  is  fituatedon  the  N.  fide  of  Cape  Creux 
which  is  the  celebrated  Aphroditic  promontory, 
which  Strabo  alfo  calls  the  Pyrenean  promontory. 

Mela  fays,  that  between  the  promontories 
formed  by  the  Pyreneans^  there  is  the  port  of 
of  Venus^  celebrated  on  account  of  the  temple  ; 
which  might  be  underftood  as  well  of  one  as 
the  other  port.  Pliny  places  the  temple  of  the 
Pyrenean  Venus  XL  miles  diftant  from  the  river 
TichiSy  now  in  Catalonia,  This  diftance  is 
without  doubt  too  great,  and  almoft  double  of 
that  which  comes  from  the  preceding  comparifon. 

M.  de  Marca^  inftead  of  XL,  reads  XI,  fup^ 
poling  that  the  I  has  been  changed  into  L,  but 
this  diftance  is  too  fmall,  and  does  not  agree  even 
with  the  diftance  between  the  I'ech  and  Port- 
Vendre^  near  Colioure^  which  is  but  5500  toifes, 
a  little  above  7  miles.  Probably,  inftead  of  XL 
miles  it  fhould  be  read  XX  miles*,  and  the  laft  X 
has  been  changed  to  an  L.  Thus  the  port  of 
Venus  will  be  the  port  of  la  Selva, 

ne  meafure  of  the  fiadia  in  France. 

Strabo  places  the  diftance  between  the  temple 
of  the  Pyrenean  Venus^  and  the  outlet  of  the  Var^ 
which  he  gives  for  the  two  bounds  of  France^  at 
277miles.  He  fays, that  to  thisdiftance  is  reckoned 

VoL.  I.  N^.  10.  Bbb  2600 
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Q.6oo  ftadia  ;  and  that  others  add  alfo  to  it  200 
Jiadia^  which  would  make  in  all  2800  fiadia. 

We  fee  by  this,  how  different  the  proportion 
of  the  miles  is  to  t\\t  ft adi a.  In  dividing  thefe 
two  numbers  of  ftadia  by  277  miles,  the  firft 
number  gives  9  ftadia^  and  a  little  more  than  f 
for  a  mile  ;  and  the  fecond,  10  ftadia  and  above 
f  for  a  mile.  Altho’  in  other  places,  Strabo^  and 
the  reft,  commonly  give  but  8  ftadia  to  a  mile  ; 
this  comparifon  however  fhews,  that  we  cannot 
here  allow  lefs  than  9  ftadia  to  a  mile,  divide 
765  toifes,  which  make  an  ancient  mile,  by  9, 
we  fhall  have  a  ftadium  in  France  of  85  toifes, 
which  make  /jioP^wfeet.  Herodotus 
the  ftadia  600  feet,  the  foot  of  Herodotus  will  then 
be  to  the  Far  is  foot,  as  51  to  60,  fuppofingthe 
ftadium  of  Herodotus  equal  to  the  ftadium  of 
France, 

^he  meafure  of  the  pyramids  of  Egypt  in  feet  and 

ftadia. 

Herodotus  makes  the  breadth  of  the  bale  of  the 
greateft  pyramid  of  Egypt  to  be  800  feet,  and 
confequentiy  one  ftadiutn  and  7,  and  as  60  is  to 
51,  fo  800  is  to  680  Paris  feet,  for  the  breadth 
of  the  bafe  of  the  pyramid.  At  the  rate  of  9 
ftadia  for  a  mile,  of  which  each  has  510  feet,  this 
bafe  would  have  a  ftadium  and  f,  as  by  the  di- 
menfion  of  Herodotus,  M.  Chazelles  has  a6lu- 
ally  meafured  the  bafe  of  this  pyramid  by  a  line, 
and  found  it  690  feet,  upon  an  unequal  ground 
raifed  in  the  middle  j  from  whence  he  fays,  there 
muft  be  fomething  taken  away  to  have  the  juft 
bafe.  II  we  take  away  10  feet,  we  lhall  have 
for  the  breadth  of  the  bafe  680  Paris  feet,  as  wc 
have  before  calculated. 


M. 
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M.  Gemelli^  who  lately  went  round  the  world, 
relates  the  meafure  of  this  pyramid,  which  he 
faw  in  1693,  as  he  had  them  from  F.  Fulgence  of 
Tours^  a  mathematical  capucin,  who  found  the 
breadth  of  this  pyramid  on  each  fide  to  be  682 
Paris  feet,  which  agrees  with  the  meafure  that  we 
have  juft  found  at  the  rate  of  9  fiadia  for  a  mile. 
The  meafurcs  which  he  gives  of  it  agree  with 
thofe  that  M.  Jeaugeon  has  had  from  M.  de  Noin- 
tel^  the  king*s  ambaflador  to  the  Porte^  and 
which  he  has  communicated  to  the  academy.  It  is 
furprizing,  thsLiNlr,  Greaves^  an  mathe¬ 

matician,  in  his  Pyramidographia^  has  found  the 
bafe  of  this  great  pyramid  meafured,  by  triangles, 
to  be  683  Englifh  feet,  which  are  to  the  Paris 
feet,  as  15  to  16.  In  this  proportion,  having 
fuppofed  the  breadth  of  the  pyramid  680  Paris 
feet,  it  miift  be  yi'^  Englift)  from  whence 
we  may  fee  the  difference,  that  there  is  between 
the  meafures  of  the  fame,  magnitude,  taken  by 
diverfe  perfons,  and  reduced  to  the  fame  feet. 

'  Strabo  himfelf,  whofe  meafures  taken  in  France^ 
we  have  compared  with  'our  own,  and  who  was 
in  Egypt  with  ^lius  Callus  about  the  chriftian 
tpoch^  makes  the  breadth  of  this  pyramid  one 
fiadium.  He  therefore  makes  the  Jladium  here  j- 
greater  than  Herodotus^  or  the  geographers,  from 
whom  he  has  drawn  the  dimenfions  of  the  fouthern 
coafts  of  France, 

Diodorus -Siculusy  who  was  in  Egypt  60  years 
before  the  chriftian  epoch,  fays,  that  the  greateft 
pyramid  had  on  each  fide  of  its  lower  part  7  ju- 
gera  •,  6  jugera  make  a  jladium  according  to  He¬ 
rodotus  :  therefore  each  fide  of  the  bafe  of  the 
pyramid  was  one  fi adium  diX\d  -J.  We  have  there¬ 
fore  three  different  dimenfions  of  the  pyramid  in 
ftadia  \  one  of  an  e.xa6l  fiadium^  one  of  a  fta- 

B  b  b  2  drum 


380  72?^ History 

dium  and  and  one  of  a  ftadium  The  mea- 
fiire  of  the  ftadia  was  therefore  as  different  and 
as  equivocal  among  the  ancients,  as  the  meafurc 
of  the  miles  and  leagues  are  among  the  moderns. 
The  meafure  of  miles  was  more  uniform,  as  wc 
have  found  by  the  comparifon  of  the  fame  diU 
tances  taken  in  France  and  Italy ^  by  the  ancients 
and  by  the  moderns.  We  have  from  this  compari¬ 
fon  drawn  a  conclufion  of  no  fmall  importance, 
which  is,  that  the  modern  Roman  foot  of  a  palm 
and  j,  is  equal  to  the  ancient  footufed  in  the  mea¬ 
fure  of  the  diftances  of  the  towns  of  France^  and 
that  both  are  to  the  Paris  foot,  as  1 1  to  12,  hav¬ 
ing  negledled  a  fmall  fradlion,  which  is  infenfiblc 
in  the  pracSIice. 

But  the  foot  of  Herodotus^  with  which  he  mea- 
fured  the  pyramid,  being  to  the  Paris  foot,  as 
51  as  60  is  equal  to  10  inches,  2  lines  and  f  of 
the  Paris  foot.  It  is  the  large  foot  of  a  man  of 
tall  ftature,  and  fuch  muft  be  the  foot  of  Hercules^ 
with  which  he  meafured  the  ftadia  for  the  Olympic 
games,  allowing  them  600  of  his  feet,  which 
made  100  paces  according  to  Herodotus,  This 
author  divides  the  pace  into  6  feet,  as  we  divide 
the  toife  into  6  feet.  It  is  probable,  that  Era- 
tofthenes^  who  allowed  700  ftadia  to  a  degree  of 
the  circumference  of  the  earth,  having  drawn  it 
from  the  diftance  between  Alexandria  and  Syene^ 
made  ufe  of  thefe  ftadia  of  Herodotus,  Thus  a 
degree,  according  to  EratoftheneSy  would  be  the 
produd  of  85  toilesby  700,  which  makes  58,500 
toifes.  This  meafure  of  a  degree  is  greater  than 
ours  by  about  part. 

Pliny  allows  883  feet  to  the  length  of  each  fide 
of  the  bafe  of  the  largeft  pyramid.  Thefe  arc 
not  the  feet  of  the  itinerary  meafure,  that  we  have 
found  by  many  comparisons  to  be  to  the  Paris 

foot. 
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foot,  as  II  to  12.  For  in  this  proportion  the 
bafe,  which  has  been  found  to  be  780  Paris  feet, 
ought  to  be  702  feet  of  the  ancient  itinerary  mea- 
fure,  inftead  of  883  that  Pliny  allows  them. 
There  is  then  181  feet  difference,  which  makes 
more  than  %  of  702.  This  meafure  is  therefore 
to  the  ancient  itinerary  foot,  which  we  found  be¬ 
fore  to  be  equal  to  the  modern  Roman  foot,  as 
12  to  15,  and  a  little  more,  and  exceeds  the  mo¬ 
dern  Roman  palm  only  ,-5 ,  which  is  to  the  Roman 
foot,  as  1 2  to  1 6.  It  is  therefore  probable,  that 
Pliny^s  was  a  foot  of  architedlure  of  different  mea- 
fore,  from  the  Roman  foot  and  palm. 

There  is  alfo  a  more  confiderable  difference  in 
the  meafure  of  the  Iquare  place,  which  remains 
at  the  top  of  this  pyramid.  Pliny  makes  its  breadth 
25  feet  ;  Gemelli  relates  it  to  be  16  feet  f.  In 
proportion  to  the  meafure  of  the  bafe,  as  682, 
the  meafure  of  Gemelli  is  to  8  8  3  the  meafure  of 
Pliny ^  fo  16  feet  f  are  to  21  feet  f,  inftead  of  25 
that  Pliny  gives  us.  There  is  3  feet  f  difference, 
we  may  attribute  it  to  the  deftroying  of  the 
cruft  of  marble  with  which  this  pyramid  muft 
have  been  covered,  in  the  time  of  Pliny ^  as  the 
other  pyramids,  one  of  which  remains  at  pre- 
fent  covered  at  the  point,  the  reft  having  been  de- 
moliflied.  The  thicknefs  of  this  cruft  muft  have 
been  a  foot  and  f  of  Pliny*s  meafure.  This  di¬ 
minution  of  the  bafe,  which  has  happened  fince 
Pliny’s  time,  does  not  fenftbly  vary  the  proportion 
of  diverfe  feet  that  we  have  examined,  and  does 
not  fettle  the  different  dimenfions  that  are  given. 

If  it  is  fo  difficult  to  make  the  meafures  of  the 
fame  bafe  agree,  which  fubfift  always  without 
fenfible  variation,  and  which  we  may  meafure 
exactly  without  difficulty,  we  may  judge  how 
difficult  it  is  to  be  affured  of  the  diftances  of 

towns 
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towns  which  have  not-  adtiially  been  tmeafured, 
but  have  been  determined  by  the  grofs  eftimate 
of  the  time  commonly  I  [fpent  ih  puffing  from 
one  to  the  other.  "We  muft  heverthele^^  have 
the  diftances  from'  jonejiplace  to  two  bthers,  of 
which  the  fituation  is  known  to  determine  with  re- 
fpe(5t  to  them  the  pofition  of  a  third  by  triangVes/ 
Inevitable  errors  multiply  according  to  the  mul¬ 
titude  of  places,  and  there  remains-'-no  ;  better  way 
of  corredting  them,  than  by  the  bbfervations  of 
ftars  made  in  places  very  didant  .from  one  another, 
^he  meafure  ufed  by  pilots,  - 
The  pilots  of  the  Mediterranean  -allow  ‘75 
miles  to  a  degree. :  Thofe  of  the  ocean  allow  only 
60.  The  ancient  Italian  miles^  are  to  the  modern 
miles  as  60  to  75  ;  for  the  ancients  make  the  di- 
ftance  Boloni a  tcs  Modena  rrtiles ;  and 

the  moderns  reckon  only  20  miles  from  one  of 
thefe  towns  to  the  other.  Therefore  thofe  of  the 
Mediterranean  make'  ufe  of  the  ancient  miles, 
which  are  to  this  day  in  ufe  in  feveral  provinces 
of  Italy  ;  and  thofe  of  the  ocean  make  ufe  of  the 
modern  miles,  which  are' in  ufe  in  other  provinces. 
The  modern  meailire  haS  this  convenience,  that 
it  takes  a  minute  for  a  mile  ;  whereas  the  ancient 
allows  to  each  minute  a  mile  and  a  quarter.  We 
may  accommodate  ourfelves  to  the  ufe  of  both. 
If  we  give  5  feet  to  the  ancient  pace,  as  they  do 
in  Italy ^  a  degree  of  75000  paces  will  be  375000 
feet  ;  and  fuppofing  a  degree  of  the  circumfe¬ 
rence  of  the  earth  343,000  P^r/.c  feet,  as  we 
have  found  it -pretty  near,  this  ancient  Italian 
foot  would  be  to  the  Paris  foot,  as  343  to  375, 
or  as  1 1  to  12  ;  and  if  we  give  to  the  mo¬ 

dern  Italian  pace  6  feet,  the  degree  of  60  miles 
will  be  360,000  feet,  the  modern  ItalianmWQ  of 
i  minute,' will  be  6000  feet,  which  will  be  to  the 

Paris 
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P^r/i  foot,  as  344  to  360,  or  as  44  to  45.  If  there 
are  more  or  lefs  Paris  feet  in  a  degree,  the  pro¬ 
portion  of  the  Paris  foot  to  tlie  Italian  foot  will 
be  a  little  different,  unlefs  there  happens  fome  va¬ 
riation  in  the  number  of  the  ancient  or  modern 
Italian  feet  in  a  degree.  For  we  obtain  it,  as 
the  feamen  do  from  the  divifion  of  the  degree, 
by  the  approximation  of  thefe  meafures  to  thofe 
of  fome  country  of  Italy ^  from  whence  they  have 
taken  the  name  ;  altho’  the  feet,  which  we  call 
modern,  approach  more  to  the  common  feet  of 
France^  than  to  thofe  which  are  in  ufe  in  the 
greateft  part  of  the  towns  of  Italy.  We  allow  6 
of  them  to  a  pace,  as  Herodotus  has  done,  con¬ 
trary  to  the  ancient  and  modern  cuftom  of  Italy ^ 
by  this  means  bringing  it  nearer  to  the  Paris 
foot,  and  imitating  the  divifion  of  the  toife  into 
6  feet,  having  feen  that  the  pace  of  Bolonia  is 
much  nearer  to  the  Paris  toife,  than  the  Paris  foot 
is  to  the  Bolonian  foot.  By  this  means  a  minute 
of  a  thoufand  paces  has  6000  feet ;  a  fecond  has 
100  feet,  as  a  degree  of  60  minutes  has  60,000 
toifes,  which  are  very  convenient  numbers  to  ufe, 
and  eafy  to  be  calculated. 

Of  the  trigonometrical  me  afire. 

It  muft  be  obferved,  that  in  the  trigonometrical 
table,  where  the  femi-diameter  of  the  circle  is 
fuppofed  to  be  divided  into  10  millions  of  parts, 
a  minute  as  well  as  its  fine  and  tangent,  which 
do  not  fenfibly  differ  in  fo  '  fmall  an  arch,  is 
marked  with  2909  parts.  Doubling  the  radius 
and  the  arch,  we  fliaJl  have  the  femi-diameter  of 
20  million  of  parts,  a  minute  of  5818  parts. 
But  a  minute  is  6000  geometrical  feet,  and  5818 
is  to  6000,  as  32  to  33.  We  may  then  eftablifli 
a  trigonometrical  foot,  which  fhall  be  to  the  geo¬ 
metrical  or  modern  Italian  foot,  as  33  to  32. 

We 
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We  may  find  the  proportion  of  this  foot  t# 
any  other,  when  we  have  found  how  many  other 
feet  make  a  minute  of  a  great  circle  of  the  earth* 
We  may,  in  fine,  eftablifli  a  fathom  of  2  trigo¬ 
nometrical  feet,  of  which  there  will  be  10  mil¬ 
lions  in  the  femi-diameter  of  the  earth;  thus  all 
the  numbers  of  the  table  will  be  fo  many  trigono¬ 
metrical  fathoms  of  two  feet,  of  which  there  arc 
2909  in  a  minute,  and  48  |  in  a  fecond,  as  we 
fee  without  calculating  at  the  head  of  the  table. 
The  third  part  of  the  numbers  of  the  table  will 
be  fo  many  trigonometrical  toifes,  of  which  there 
are  970  in  a  minute,  and  16  in  a  fecond. 

Thefe  meafures  of  geometrical  and  trigono¬ 
metrical  feet  and  fathoms,  are  means  between 
different  feet  and  fathoms,  which  are  eftabliflied 
by  different  nations.  We  may  then  take  them  for 
univerfal  invariable  meafures.  Thus,  if  it  is 
afked  how  many  miles,  feet,  or  toifes  are  in  a 
determinate  arch  of  the  circumference  of  the 
earth,  we  need  only  take  the  number  of  minutes 
contained  in  the  arch  propofed  for  the  number  of 
geometrical  miles,  multiply  them  by  1000  to 
have  the  number  of  geometrical  paces  or  toifes,  or 
by  60,000  to  havethe  number  of  feet ;  thus  a  degree 
of  60  minutes  will  be  60,000  toifes.  The  whole 
circumference  of  the  earth,  which  is  360  degrees 
will  therefore  be  2 1,600,000  geometrical  toifes, 
or  2\^6oq  Italian  miles;  and  feecaufe  the  cir 
cumference  is  to  the  femi-diameter  as  44  to  7, 
or  as  220  to  35,  or  21,600  to  13,436,  the 
femi-diameter  of  the  earth  will  be  3436  geome¬ 
trical  miles  or  modern  Italian  ones.  The  half 
1718  will  be  the  number  of  geometrical  leagues 
almoft  equal  to  the  fmall  league  of  France^  as 
thofe  which  they  reckon  from  Paris  to  Orleans, 
We  may  take  a  third  for  the  mean  ones  which 
3  approach 
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approach  to  thofe  of  Auvergne^  and  -  a  quarter  for 
the  greateft  which  approach  to  thofe  of  Languedoc. 

As  for  the  trigonometrical  meafures,  the  fe mi- 
diameter  ofthe  earth  being  fuppofed  of  10,000,000 
trigonometrical  fathom,  the  circumference  will  be 
62,831,852  fathoms. 

The  third  part  of  thefe  numbers  will  give  the 
trigonometrical  toifes.  The  femi-diameter  of  the 
earth  will  then  be  35333y333  trigonometrical 
toifes,  and  the  circumferences  will  be  20,943,950 
trigonometrical  toifes.  The  i  q-q  o  part  of  thefe 
two  numbers  will  give  the  trigonometrical 
miles. 

The  femi-diameter  of  the  earth  will  then  be 
3333  trigonometrical  miles,  and  the  circumfe¬ 
rence  20,944  trigonometrical  miles. 

Of  the  horary  meafures, 

I  have  tried  feveral  times  in  going  to  Contain- 
hleau^  and  back  again  a  good  pace  in  a  coach, 
that  in  the  plain  of  Longboyau^  which  has  been 
meafured  exadlly,  one  travels  5  minutes  of  the 
circumference  of  the  earth  in  an  hour.  A  man 
on  foot  would  go  \  this  way  in  the  fame  time, 
and  a  degree  in  24  hours  ;  and  if  he  was  to  tra¬ 
vel  12  hours  in  a  day,  in  a  like  road,  with  the 
fame  quicknefs,  he  would  go  round  the  world  in 
two  years. 

IV.  Reflexions  on  the  tneafure  of  the  earthy 

related  by  Snellius,  in  his  book  intitled^  Era- 

tofthenes  Batavus,  by  M,  Caffini  thefon^\ 

Snellius  meafured  on  a  plain  near  Leyden^  a 
bafe  of  326  Rhinland  perches  and  4  feet:  (the 

*  March  i,  1702.  +  Plate  XVI.  Fig.  6. 

Yol.I.  N^.  10.  Ccc  perch 
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perch  contains  1 2  feet,  and  the  proportion  of  the 
Paris  foot  to  the  Rhinland  foot  is,  according  to 
IVi.  Picardy  as  1440  to  1390)  he  took  from  the 
extremities  of  this  bafe,  with  a  femi-circle  of  3 
feet  f,  the  angles  with  the  towers  of  Leyden  and 
Soeterwoude^  and  he  determined  their  diftance  to 
be  1092  perches.  By  this  diftance,  he  determi¬ 
ned  the  fituation  of  the  greateft  part  of  the  towns 
in  Holland^  and  of  fome  in  Flanders  by  trigono¬ 
metry.  The  two  towns  where  he  obferved,  which 
are  moft  to  the  N.  and  S,  are  thofe  of  Alkmaer 
and  Bergen  op  Zoom,  He  transferred  to  Alkmaer 
a  meridian  line,  that  he  had  drawn  at  Leyden^  and 
having  found  the  angle  that  the  line  drawn  from 
Alkmaer  to  Bergen  op  Zoom  made  with  the  meri¬ 
dian,  he  determined  the  part  of  the  meridian  in¬ 
tercepted  between  the  parallels  of  thefe  towns  to 
be  34,018  perches. 

He  afterwards  obferved  with  a  quadrant  of 
5  feet  I  radius,,  the  height  of  the  pole  at  both 
thefe  towns.  He  found  that  of  Alkmaer  to  be  52  9 
40'  I,  and  that  of  Bergen  op  Zoom  51^  29^, 
which  is  lefs  than  the  preceding  by  i®  ii'  i, 
and  having  fubftraded  2  5  perches  of  the  diftance 
between  Alkmaer  and  Bergen  op  Zoom,,  for  the  re¬ 
duction  of  the  places  where  he  had  made  his  ob- 
fervations,  he  determined  the  magnitude  of  the 
degree  of  the  circumference  of  the  earth  to  be 
28,473  perches.  Having  alfo  obferved  the  height 
of  the  pole  at  Leyden,  he  determined  by  the  arch 
of  the  meridian  intercepted  between  thefe  two 
towns,  the  magnitude  of  the  degree  to  be  28,510 
perches.  Taking  a  mean  between  thefe  two  de¬ 
terminations,  we  have  the  magnitude  of  the  de¬ 
gree  28500  perches,  or  55,021  Paris 

loifes. 
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Snellius*s  method  is  the  fame  that  we  ufed  in' 
the  prolongation  of  the  meridian.  The  bafe 
which  he  adtually  meafurcd,  appears  however 
very  fmall,  which  might  have  occafioned  confi- 
derable  errors  in  the  feries  of  his  triangles  :  but  as 
he  has  verified  his  meafures  by  a  new  bafe,  pretty 
near  the  fame  magnitude,  we  fiiall  fuppofe  his 
obfervations  to  be  fuch  as  he  relates,  and  we  fhall 
fee  hereafter  what  rcfults  from  them,  being  com¬ 
pared  with  the  heights  of  the  pole,  that  1  have 
obferved  in  fome  towns  in  Holland^  which  are 
contained  in  his  triangles. 

During  my  ftay  in  Holland^  whither  I  had 
carried  an  odlant  of  3  feet  \  radius^  which  we 
have  fince  ufed  in  our  lait  journev  I  obferved, 
the  loch  of  NoV:  j6  of 

the  polar  flar  to  be  54^  16' 5"  at  Rottey 
which  is  one  of  the  mod  fouthern  cities  of  this 
province.  Going  afterward  to  Alkmaer^  which 
is  the  capital  of  North  Holland^  I  obferved  the 
meridian  height  of  the  polar  ftar  to  be  54^  58' 
lo'^  The  difference  between  thefe  heights  is 
42'  5",  which  is  the  arch  of  the  meridian  inter¬ 
cepted  between  the  parallels  of  Alkmaer  and  Rot^ 
terdam^  negledling  the  difference  of  refradlion, 
which  does  not  amount  to  2''.  The  bufinefs  is 
then  to  know  how  many  toifes  this  arch  of  the 
meridian  is,  that  we  may  afterwards  determine  in 
toifes  the  magnitude  of  the  degree  of  a  great 
circle  of  the  circumference  of  the  earth.  We  may 
thus  draw  it  from  the  obfervations  of  Snellhis. 

Snelluis  determines  the  difference  of  the  arch  of 
the  meridian  intercepted  between  the  parallels  of 
Alkmaer  and  Leyden  to  be  14,2  1 5  perches.  From 
Leyden  he  obferved,  that  the  tower  of  Goude  de¬ 
clines  from  the  meridian  44^  49'  towards  the  E. 
And  he  determined  in  the  leries  of  his  triangles, 

C  c  c  2  the 
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the  angle  between  Goude  and  Rotterdam  of  43® 
36',  by  which  Rotterdam  is  more  to  the  W.  The 
tower  of  Rotterdam  declines  therefore  from  the 
meridian  of  Leyden  i  ^  13'  toward  the  eaft,  and 
the  diftance  between  Leyden  and  Rotterdam  be¬ 
ing,  according  to  Snellius^  6972  perches,  we 
IhaJl  have  the  arch  of  the  meridian  between  Ley- 
den  and  Rotterdam  6970  perches,  which  being 
added  to  the  diftance  of  Alkmaer  md  Leyden  up¬ 
on  the  meridian,  of  14,215  perches,  give  the 
diftance  between  Alkmaer  and  Rotterdam  of 
21,185  Rhinland  which  being  reduced 

to  Paris  feet,  make  40,913  toifes.  The  place 
where  I  obferved  at  Alkmaer^  drawn  from  the 
plan  of  this  town,  is  20  or  30  toifes  more  to 
the  S.  than  the  great  church  where  Snellius  ob¬ 
ferved  ;  and  the  place  where  I  obferved  at  Rot¬ 
terdam^  is  30  or  40  toifes  more  to  the  N,  than 
the  tower  of  the  great  church,  which  is  probably 
that  where  Snellius  obferved,  fince  it  is  diftin- 
guiftied  from  all  the  reft  by  its  height,  as  I  have 
obierved  in  my  journal. 

The  places  where  Snellius  obferved  being  there¬ 
fore  one  more  northward,  and  the  other  more 
fouthward  than  thofe  of  my  obfervations,  by  ad¬ 
ding  their  difference,  we  ftiall  have  60  toifes, 
that  muft  be  retrenched  fiom  the  diftance  between 
Alkmaer  and  Rotterdam,  and  we  ftiall  have  in 
the*  interval  42'  which  have  been  obferved 
between  thefe  two  towns  40,833  Paris  and 

58,245  toifes  for  a  degree.  This  meafure  ex¬ 
ceeds  that  which  we  have  determined  by  the  ob¬ 
fervations  made  in  the  laft  journey,  by  more  than 
1000  toifes,  pretty  near  agreeing  to  that  which 
Snellius  determined  by  his  obfervations. 

This  difference  appeared  fo  conffderableto  me, 
that  L  thought  myfelt  obliged  to  examine  the  me¬ 
thod 
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thod  which  Snellius  ufed,  and  calculate  his  tri¬ 
angles  upon  the  obfervations  that  he  has  made, 
and  related  in  his  book.  I  have  been  alfo  led  to 
it  by  fome  errors  of  the  prefs,  which  immedi¬ 
ately  ftriketheeye,  and  among  others, 
p,  173.  L  20  and  21.  inftead  of  diftantia  inter 
Leydam  ^  Rotterodamum^  we  fhould  read  inter 
Gotidam  &  Rotterodamum^  I  have  therefore  firft 
calculated  upon  his  bafe  adually  meafured  the 
diftance  between  Leyden  and  Soeterwoude^  which 
agrees  with  what  he  has  marked.  Upon  this  di¬ 
ftance,  I  have  calculated  that  between  the  Hague 
and  Leyden^  which  I  have  found,  as  well  as  he, 
to  be  4103  perches,  and  in  the  triangle  AEF 
made  by  the  Hague^  Leyden^  and  Rotterdam, 
the  diftance  AE,  between  the  Hague  and  Leyden, 
being  already  known,  the  angle  AFE,  which 
Leyden  and  the  Hague  make  with  Rotterdam, 
being  obferved  to  be  39^  53'^,  and  the  angle 
AEF,  Rotterdam  and  the  Hague  make  with 
Leyden,  being  obferved  to  be  53^  40',  I  found  the 
diftance  EF,  between  Leyden  and  Rotterdam, 
6386  Rhinland  perches,  and  the  diftance  AF  from 
the  Hague  to  Rotterdam  5154.  Snellius,  lib,  IL 
p.  173.  /.  12.  in  the  fame  triangle,  where  he  re¬ 
lates  the  angles  obferved  which  I  ufed,  gives  the 
diftance  AF  between  the  Hague  and  Rotterdam  of 
5616,  and  the  diftance  EF  from  Leyden  io  Rot- 
terdam  6972,  greater  than  that  v/hich  refults 
from  the  calculation  by  586  Rhinland  perches, 
which  make  more  than  1100  toifes. 

Suppoftng  the  diftance  AE  between  the  Hague 
and  Leyden  4103.  He  afterwards  determines  in 
the  triangle  AES  made  by  the  Hague,  Leyden, 
and  Goude,  the  diftance  E3  from  Leyden  to 
5898  perches  *,  and  having  obferved  from 
the  two  extremities  of  this  bale,  the  angles  at 

Rotterdam, 
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Rotterdam^  he  determines  in  another  triangle 
EFS  made  by  Leyden^  Goude^  and  Rotterdam^ 
the  diftance  EF  between  Leyden  and  Rotterdam  to 
be  4883,  In  calculating  this  triangle  upon  his 
obfervations,  I  found  the  diftance  from  Leyden  to 
Rotterdam  6972,  the  fame  as  he  had  marked  in 
the  preceding  problem  mifplaced,  and  the  dif¬ 
tance  between  Gouded^ndi  Rotterdam  which 

fhewed  me,  that  inftead  of  Leyden^  it  muft  be 
read  Gonde^  and  that  it  is  only  an  error  of  the 
prefs.  But  I  know  not  how  to  reconcile  thefe  two 
determinations  of  the  diftance  EF  from  Leyden 
to  Rotterdam^  which  refult  from  two  different 
triangles,  one  of  6386,  the  other  6972.  The 
firft  determination  is  the  moft  immediate  ;  but 
the  fecond  is  that,  upon  which  he  has  eftabliihed 
his  meafure,  and  is  verified  by  other  triangles  ; 
but  there  is  no  angle  obferved  at  Rotterdam,  We 
may  therefore  conclude,  either  that  the  obfervations 
of  the  angle  of  the  firft  triangle  AEF  are  fiiulty,  or 
that  he  has  miftaken  another  place  for  Rotterdam  ; 
and  then  there  would  be  no  error  in  his  meafure. 

This  would  be  at  leaft  a  fadl  that  would  de- 
ferve  to  be  proved,  and  this  might  be  eafily  ex¬ 
ecuted  by  a  perfon,  who  fhould  be  upon  thefpot, 
by  making  a  ftation  upon  the  top  of  the  tower  of 
Rotterdam^  and  obferving  from  thence-  the  an¬ 
gles  between  the  Hague  and  Leyden^  Gottde^ 
JDort  and  JVillemftadt . 

Let  us  now  examine  the  refult  of  the  diftance 
from  Leyden  to  Rotterdam  determined  by  the 
firft  triangles.  I  have  already  faid,  that  the  tower 
of  Rotterdam  declines  from  the  meridian  of  Ley¬ 
den  1^13'  toward  the  eaft,  and  fuppofing  the 
diftance  EF,  from  Leyden  to  Rotterdam  6386 
perches,  as  we  have  juft  found  by  the  triangle  AEF, 
we  ftiall  have  the  arch  of  the  meridian  between 
3  Leydeny 
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Leyden  and  Rotterdam  6384,  which  being  ad¬ 
ded  to  the  arch  of  the  meridian  between  Leyden 
and  Alkmaer  of  142 15,  gives  the  diftance  be¬ 
tween  the  parallel  of  Alkmaer  and  that  of  Rotter¬ 
dam  of  20,599  Rhinland  perches,  or  39,767 
Paris  toifes  j  and  retrenching  60  toifes,  for  the 
difference  between  the  places  where  I  obferved  and 
thofe  of  Snellius^  we  fhall  have  39,707  toifes 
for  42^  5'',  and  fora  degree  56,612  toifes. 

This  meafure  differs  very  much  from  that 
which  we  found  at  firft ;  it  exceeds  that  of  Snel- 
lius  by  1 600  toifes,  and  is  lefs  by  above  400  toifes 
than  that  which  M.  Picard  has  determined  be¬ 
tween  the  parallels  of  Sourdon  and  Malvoifme', 

But,  to  leave  nothing  that  may  ferve  to  clear 
this  fubjedb,  I  fhall  here  examine  what  refults 
from  the  obfervations  made  at  Alkmaer  and  the 
Hague,  I  have  not  obferved  in  the  laft  town  the 
height  of  the  polar  flar  ;  but  I  have  feveral  times 
taken  the  meridian  height  of  the  fun,  by  which  1 
have  determined  the  height  of  the  pole  to  be  52"^ 
4'  13'^  The  height  of  the  pole  at  Alkmaer 
drawn  from  the  obfervations  of  the  polar  flar,  is 
52*^  38'  34",  the  difference  between  the  parallels 
of  this  town  and  of  the  Hague,^  is  therefore  34' 
21^/.  Snellius  has  obferved  from  Leyden^  that  the 
tower  of  the  Hague  declined  52^  2  2  from  the  me¬ 
ridian.  The  diftance  from  Leyden  to  the  Hague 
being  therefore  allowed  to  be  4103  perches,  we 
fhall  have  the  difference  between  the  parallels  of 
thefe  two  towns  2505,  which  being  added  to 
14,2 1 5,  the  diftance  from  Leyden  to  Alkmaer  up¬ 
on  the  meridian,  gives  for  the  difference  between 
Alkmaer  and  the  Hague  16,720  perches,  which 
agree  with  34'  21^' of  latitude.  Negledling  the 
difference  between  the  ftations  of  Snellius,,  and 
thofe  where  I  obferved,  becaufe  they  are  hardly 

fenfiblc 
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lenfible ;  vve  fhall  have  the  magnitude  of  the  de¬ 
gree  29205  ^Rhinland  perches,  or  56,382  toifes; 
which  gives  a  ftill  le£  determination  than  that 
which  refults  from  the  laft  comparifon,  wherein 
we  fuppofed  the  diftance  from  Leyden  to  Rotter¬ 
dam  6386  perches,  the  fame  as  we  have  found  by 
the  calculations  from  the  rules  which  he  relates. 

V.  Remarks  on  the  different  manner  of  ma¬ 
naging  the  common  oars,  a72d  turning 
oars,  lately  propofed  by  the  Sieur  du  Guet, 
by  M.  Chazelles  Hranjlated  by  Mr, 
Chambers. 

To  judge  of  the  effe6t  of  common  oars,  and 
the  velocity  they  are  capable  of  giving  ;  we  are 
to  conlider  them  in  a  galley,  a  vefTel  to  which 
in  all  ages  men  have  endeavoured  to  give  all  the 
advantages  polTible. 

Now  a  common  galley  has  26  oars,  on  each 
fide  5  each  oar  being  36  feet  long:  whereof  24 
feet  are  [out  of  the  galley,  and  12  within  ;  but 
the  part  within  is  proportionably  bigger,  and  be- 
fides  is  fortified  with  wood  in  order  to  balance 
the  part  without :  the  fulcrum  or  point  of  fup- 
port,  being  on  the  edge  of  the  galley.  The  end 
of  the  oar  which  enters  the  water,  called  the  blade 
thereof,  is  half  a  foot  broad,  and  about  5  feet 
long  *,  fo  that  each  oar  flicks  on  a  furface  of  water 
2  feet  I,  and  the  26  oars  on  65  feet,  and  that  there 
are  5  men  to  each  oar.  We  may  therefore  con- 
fider  that  26  oars  as  all  connedled,  adting  at 
the  fame  time,  and  impelling  65  fquare  feet  of 
water  with  the  ftrength  of  130  men. 

The  rowers  exert  unequal  forces.  He  at  the 
tnd  of  the  oar  works  hard,  as  moving  at  each 
♦  March  I,  1702.  ftrokc 
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ftroke  or  ftretch  of  the  oar,  the  fpace  of  6  feet, 
but  the  others  lefs  in  proportion,  and  the  next 
the  fulcrum  fcarce  ftirs;  fo  that  when  they  are  to 
continue  rowing  any  time,  they  are  obliged  to 
relieve  and  fucceed  each  other,  which  makes  a 
little  hindrance. 

The  ftroke  may  be  conftdered,  as  confiftingof 
3  parts :  in  the  firfl:,  the  men  recover  and  raife 
themfelves ;  in  the  fecond,  they  carry  the  oar 
forwards  5  the  foreman  advancing  a  ftep,  and 
ftretching  his  body  before  the  ftern  ;  in  the  third, 
they  recline  or  throw  themfelves  backwards,  with 
the  arms  upwards,  in  order  to  plunge  the  blade 
in  the  water :  which  laft  motion  alone  tends  to 
make  the  galley  advance.  It  muft  be  obferved, 
that  at  the  fame  time  the  fall  of  the  whole  crew 
of  260  men,  makes  another  impulfe  or  impreflion 
on  the  galley,  tending  to  link  it  deeper,  which 
of  confequence  muft  retard  its  velocity  *,  fo  that 
the  motion  is  performed  in  j irks,  or  lhakes. 

We  have  obferved,  that  a  galley  rovved  with 
all  the  ftrength  it  can  maintain  for  a  continuance 
of  time,  in  a  ftanding  water,  does  not  give  a- 
bove  24  ftrokes  in  a  minute  :  and  that  the  firft 
oar  falls  into  the  fame  part  of  the  water,  as  the 
feventh :  fo  that  at  each  ftroke  the  galley  ad¬ 
vances  the  fpace  of  6  banks,  which  is  3  *  fa- 
thorns ;  and  confequentfy  72  fathoms  in  a  mi¬ 
nute,  and  4320  fathoms  in  an  hour,  which  makes 
5  good  miles  or  i  league  f  in  an  hour.  This  calculus 
I  have  compared  with  feveral  experiments  and 
obfervations,  from  all  which  I  am  confirmed, 
that  a  galley  in  a  full  calm,  cannot  go  2  leagues 
an  hour,  for  a  continuance  :  fuch  is  the  rate  at 
which  the  common  oars  will  carry  us. 

*  It  is  toifes  in  the  original. 

VoL.  I.  N°.  10.  D  d  d 
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Now  fuppofing  the  turning  oars  to  be  12  feet 
from  the  centre  of  their  motion,  to  the  tip  of  the 
blade,  making  them  dip  6  feet  in  water  ;  and 
placing  the  point  of  fupport  5  or  6  feet  above 
the  water  line  :  the  blade  may  be  3  feet  broad, 
if  required,  or  even  more,  which  will  impel  1 8 
fquare  feet  of  water  continually,  and  without  in¬ 
terruption,  with  a  force  greater  or  lefs,  according 
to  the  number  of  perfons  applied  to  the  handles, 
who  all  exert  an  equal  force,  and  only  move  3 
feet,  which  they  may  continue  to  do  much  lon¬ 
ger  than  the  foreman  of  the  common  galley,  who 
moving  at  double  this  rate,  is  foon  thrown  into  a 
fweat,  and  obliged  to  work  naked. 

The  velocity  of  the  galley  in  this  cafe  of  turn¬ 
ing  oars,  iseafily  eftimated,  if  they  only  make 
one  turn  or  revolution  in  10  feconds,  the  velocity 
will  equal  that  of  the  common  galley,  by  reafon 
the  turn  is  equal  to  12  fathoms  :  fuppofing,  as 
we  have  done  for  the  common  oars,  that  the 
water  does  not  give  way  in  the  leall.  But  for  a 
greater  juftnefs  in  the  eftimate,  we  fhould  find  by 
repeated  experiments  in  known  difiances,  how 
much  the  water  yields  or  gives  way  in  propor¬ 
tion  to  the  velocity  of  the  turns,  and  we  fhali 
have  the  greater  accuracy  the  more  of  the  turn  of 
thefe  oars  exceeds  the  fpace  advanced  at  a  firoke 
with  the  common  ones. 

There  is  no  doubt  but  the  firength,for  infiance, 
of  100  men,  acting  continually  on  a  bulk  of  wa¬ 
ter  of  1 8  fquare  feet  on  a  fide,  will  foon  put  the 
largefi  veflel  in  morion  j  fince  a  common  cha- 
loop  makes  itfelf  felt,  notwithfianding  the  incon¬ 
veniences  of  fuch  towage. 

lam  perfuaded  therefore,  that  fuch  oars  would 
he  of  great  advantage  to  large  vefTels,  and  even 
more  than  to  fmall  ones,  by  reafon  befides  the 

gfeat 
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great  number  of  hands  they  have  in  readinefs  to 
^vork  them,  there  is  more  room  for  the  flights  of 
the  handles,  to  make  them  move  without  any 
embarrafs,  which  cannot  eafily  be  done  in  a  fmall 
veflfel,  where  the  fpace  between  the  two  decks  is 
but  low,  and  ufually  much  encumbered. 

VI.  An  obfervation  on  a  column  of  light  feen 
at  the  ebjervatory^  May  ii,  1702,  in 
the  mornings  by  M,  de  la  Hire  . 

I  obferved  a  great  luminous  ray  perpendicular 
to  the  horizon,  and  equal  to  the  diameter  of  the 
fun,  in  its  whole  height,  which  was  about  9  or 
10  degrees.  This  light  appeared  fome  time  be¬ 
fore  the  rifing  of  the  fun,  and  we  faw  it  again 
after  it  rofe.  The  heavens  were  overcaft  with 
little  clouds,  lying  along  the  horizon,  which  did 
not  hinder  the  fun  from  being  feen  very  plainly  \ 
they  only  made  little  black  bands  and  jaggs  to¬ 
ward  the  edges :  but  the  vertical  diameter  of  the 
fun  at  its  rifing,  appeared  to  me  at  lead  equal  to 
the  horizontal. 

In  the  memoirs  of  the  academy  for  the  year 
1692,  there  is  related  an  obfervation  of  M.  Caf- 
/mi^Sy  of  a  light  almofl:  like  this.  M.  Caffmi 
fays,  that  this  phicnomenon  is  very  rare,  and  that 
he  never  faw  but  one  like  it,  which  was  in  1672. 
But  both  thefe  obfervations  having  been  made  af¬ 
ter  fun-fet,  he  could  not  fee  the  proportion  of  the 
fun  with  this  light. 

We  i"  may  explain  the  light  that  1  have  ob¬ 
ferved  in  this  manner.  It  is  certain,  that  all  the 
parhelia^  and  thefe  appearances  of  light,  never 
appear  when  the  air  is  very  ferene,  and  that  we 
fee  them  generally  toward  the  horizon,  when  it 
Alay  17,  170Z.  f  Plate  XVII.  Fig.  i. 
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\s  full  of  little,  long,  thready  clouds.  Befides, 
it  is  manifeft,  that  there  happens  to  the  rays  of 
the  fun,  which  met  thefe  clouds,  the  fame  thing, 
as  that  which  we  perceive  when  we  look  at  the 
light  of  a  candle  through  a  glals  that  is  a  little 
greafy  ;  and  when  we  rub  it  a  certain  way  with 
the  hand  ;  for  it  then  makes  an  infinite  number 
of  little  furrows,  of  which  the  elevated  part  re¬ 
turns  the  light  tov/ard  the  eye,  and  we  fee  thefe 
rays  extended  according  to  the  perpendicular  in 
the  direction  of  the  furrows.  The  ray  of  light 
muft  appear  pretty  near  equal  to  the  diameter  of 
the  luminous  body  ;  for  only  thofe  which  meet 
the  diredtion  of  the  furrows  perpendicularly,  can 
be  refiedted  toward  the  eye,  the  others  which  are 
oblique  turning  away  from  it,  as  we  may  try  up¬ 
on  a  thread  of  glafs,  by  looking  at  a  candle 
through  it. 

The  fame  thing  mufl:  happen  to  the  little  threads 
of  the  clouds,  or  to  the  little  long  parts  lying 
this  way,  of  which  they  are  compofed,  as  to  the 
little  furrows  juft  mentioned. 

VII,  Obfervatio7ts  7nade  by  mea7is  of  the 
burning-glajs ^  by  M.  Homberg. 

The  great  burning  mirrours,  which  we  have 
ufed  till  now,  have  been  concave,  which  reunite 
exa<ftly  the  rays  of  the  fun,  and  make  a  very 
burning :  but  as  t\\\s  focus  is  made  from  re- 
fieded  rays,  which  are  united  upwards,  we  are 
obliged  to  hold  the  fubftance  in  the  air  which 
we  would  expofe  to  it,  without  being  able  to  fup- 
port  it  in  any  veffel.  As  foon  as  this  fubftance  is 
affeded  by  the  heat  of  xht  focus  it  begins  to  melt ; 
when  it  is  melted,  not  being  fupported  by  any 
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thing,  it  runs  and  quits  xhtfocus^  and  confequently 
receives  no  more  impreflion  from  it,  fo  chat  we 
cannot  make  any  continued  experiment  by  thefe 
fort  of  burning  mirrours.  Thus  they  have  only 
ferved  for  a  curiofity  without  any  ufe ;  this  has 
made  us  wifh  for  great  glafs  lens^s^  thro’  which 
the  rays  of  the  fun  pafflng,  would  make  a  focus 
downwards,  to  which  we  might  expofe  the  fub- 
ftance  fupported  in  convenient  vefiels,  as  long  as 
we  pleafe  %  Which  would  not  only  give  an  op¬ 
portunity  of  making  continued  obfervations,  but 
alfo  experiments,  which  are  abfolutely  impofliblc 
with  the  concave  mirrours. 

The  duke  of  Orleans  having  fix  months  ago 
brought  one  of  thefe  glafs  lens^s^  of  3  feet  diame¬ 
ter,  made  by  M.  ^fchirnhaufen^  one  of  our  aflb- 
ciates,  ordered  me  to  make  ufe  of  it  for  examining 
all  fort  of  fubflances,  which  1  do  as  often  as  the 
fun  permits  me.  I  relate  here  fome  of  the  moft 
extraordinary  obfervations  that  this  glafs  has  f  ur- 
nifhed  us  with ;  by  which  we  fhall  fee  that  gold 
and  filver  are  volatile  metals  in  the  fire  of  the  fun, 
as  other  metals  are  in  the  fire  of  our  furnaces. 

Gold  eafily  melts  with  the  burning-glafs ;  and 
it  difappears  at  length  three  ways,  which  differ 
from  one  another  according  to  the  degree  of  heat 
to  which  they  are  expofed. 

Fine  gold  reduced  to  a  calx  by  fpirit  of  fait 
melted  with  the  fun,  fumes  at  firft  very  much, 
and  changes  a  part  of  it  quickly  into  a  glafs  of  a 
very  deep  violet  colour. 

Fine  gold,  reduced  to  a  calx  by  quickfilver, 
melted  with  the  fun  fumes  at  firft  very  much, 
and  quickly  changes  a  part  of  it  into  a  tran- 
fparent  cryftalline  glafs  without  cclo;  if 

we  hold  this  glafs  for  feme  time!:  iron 
the  gold,  it  lofes  its  traniparence,  an  • 
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opake  by  degrees,  at  firft  the  colour  of  opal,  then 
white  as  milk,  afterwards  it  grows  brown  at  the 
fummit  of  the  drop,  and  at  laft  the  drop  of  glafs 
becomes  of  a  deep  brown,  inclining  to  a  green. 

This  glafs  fwims  upon  melted  gold,  fometimes 
whirling  about  all  ways,  fometimes  running  over 
it  in  a  right  line,  and  waving,  changing  place 
with  a  very  great  velocity,  without  fixing  to  the 
vefiel  which  contains  the  gold,  unlefs  the  vefiTel 
itfelf  begins  to  vitrify.  Then  the  glafs  of  the 
gold,  and  that  of  the  vefiel  mix  together,  and 
fix  themfelves  to  the  vefiel. 

When  the  fine  gold,  that  we  would  melt  with 
the  fun,  is  not  in  a  cah^  but  in  a  mafs,  there  does 
not  at  firft  appear  any  glafs  upon  it,  but  it  is 
formed  by  degrees ;  as  thus : 

The  gold  which  I  fuppofe  to  be  pure,  when 
firft  it  is  melted,  appears  in  a  drop,  fair  and  clean 
like  a  looking^glafs,  but  foon  after  its  furface  be¬ 
comes  as  if  we  had  thrown  dull  upon  it  :  this 
duft  very  qnitk’y  gathers  into  a  little  drop  of  whi- 
tifh  glafs,  upon  the  middle  of  the  melted  gold, 
leaving  the  whole  furface  of  the  gold  for  a  mo¬ 
ment  very  clean  and  clear,  as  it  was  in  the  begin¬ 
ning!:  of  its  fufion  *,  after  which  the  furface  of  the 
gold  appears  again  dufty :  this  powder  at  firft  co¬ 
vers  the  whole  furface  of  the  gold,  like  a  general 
fpot,  which  diminifhes  its  breadth  by  degrees, 
but  pretty  quickly,  till  it  terminates  upon  the 
middle  of  the  mafs  of  gold,  and  enlarges  a  little 
the  firft  drop  of  glafs  that  was  formed  by  the 
firft  duft.  It  does  this  fuccefiively,  during  the 
whole  time  that  we  hold  the  gold  in  fufion  to  the 
fun. 

When  the  little  drop  ot  glafs  is  come  to  the 
fize  of  a  very  fmali  pea,  its  weight  makes  it  run 
tov/ards  the  edges  of  the  melted  gold,  and  then 
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the  dufty  fpots  make  a  new  little  drop  of  glafs, 
which  becoming  a  little  bigger,  runs  alfo  towards 
the  edges  of  the  melted  gold  *,  this  joins  to  the 
firft  and  makes  it  bigger,  and  then  the  third  little 
drop  of  glafs  begins  to  form  itfelf. 

The  whole  mafs  of  gold  will  change  this  way 
into  glafs  ;  but  to  the  end  that  this  may  happen, 
it  mull  be  obferved  not  to  hold  the  melted  gold 
exadlly  to  xht  focus  of  the  two  burning-glaffes  ;  it 
is  well  to  prefent  it  to  it  from  time  to  time  to 
ftrengthen  the  fufion,  and  then  to  take  it  away  a 
little  ;  for  the  true  focus  of  our  two  glades  is  too 
violent  to.  hold  long  in  fufion  any  metal  what- 
foever. 

For  the  metals  which  are  hard  to  melt,  there 
are  three  ways  of  placing  them  to  the  focus ^ 
which  produce  three  different  effects.  The  firft 
is  to  the  exad;  point  focus.  The  gold  be¬ 
ing  held  in  this  place  a  little  while,  begins  to 
crackle  and  throw  out  little  drops  of  its  fubftance, 
to  6,  7,  and  8  inches  diftance,  the  furface  of  the 
melted  gold  becoming  very  fenfibly  prickly, 
like  the  green  fiiell  of  a  chefnut. 

All  the  fubftance  of  the  gold  lofes  itfelf  this  way, 
without  fuffering  any  alteration  ;  for  if  you  fpread 
a  fheet  of  paper  under  the  veffel  which  contains 
this  gold  that  crackles  in  fufion,  we  fhail  gather 
upon  this  paper  a  gold  powder,  of  which  the  little 
grains  being  viewed  through  a  microfcope,  ap¬ 
pear  to  be  little  round  balls  of  gold,  which  may 
be  again  melted  into  a  mafs. 

The  fecond  way  to  place  the  gold  in  fufion,  is 
to  draw  it  a  little  from  the  true  focus,^  till  you 
fee  that  the  gold  does  not  appear  any  longer 
prickly  nor  fparkles.  In  this  place  the  gold  vitri-- 
fies,  as  we  have  juft  mentioned,  which  is  a  true 
changing  of  the  fubftance  of  a  heavy,  malleable,; 
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and  dudlile  metal,  into  a  light,  brittle,  and  ob- 
fctirely  tranfparent  glafs. 

The  third  way  to  place  the  gold  in  fufion,  is 
to  draw  it  ftill  a  little  farther  from  the  true  focus^ 
than  it  is  in  the  vitrifying  place,  and  here  it  only 
fumes  ;  its  iofs  there  is  very  flow,  and  we  are 
obliged  now  and  then  to  bring  it  nearer  to  the 
focus^  to  prevent  it  from  fixing. 

Thefe  are  the  3  different  changes  that  fine  gold 
fuffers  at  the  burning-glafs ;  namely,  to  evapo¬ 
rate  in  fume,  to  change  into  glafs,  and  to  fly  into 
the  air  by  little  grains. 

It  is  pretty  near  the  fame  with  fine  filver,  but 
with  thefe  differences,  that  filver  fumes  much  more 
than  gold,  that  it  goes  away  incomparably  fafter 
in  fume,  that  it  fparkles  at  the  leaft  heat,  and 
that  it  does  not  vitrify  entirely  in  the  fame  man¬ 
ner  as  the  gold. 

Silver  refined  with  lead  fumes  confiderably, 
and  the  furface  becomes  dufliy,  as  we  have  ob- 
ferved  in  that  of  the  gold  ;  but  the  powder  which 
it  makes^  does  not  melt  into  glafs,  as  it  does  with 
the  gold,  for  it  is  white  and  light  as  flower,  it 
gatliers  in  fo  great  a  quantity,  that  there^s  the 
thicknefsof  more  than  \  aline  over  all  the  furfacc 
of  the  filver,  when  we  hold  it  about  a  quarter  of 
an  hour  together  to  the  fun,  and  during  this  time 
a  dram  of  filver  has  loft  26  grains,  that  is,  more 
than  I  of  its  weight. 

Silver  refined  with  antimony  fumes  yet  more 
than  that  which  is  refined  with  lead,  and  the  pow¬ 
der  that  it  makes  upon  its  furface,  melts  into 
glafs  as  does  that  of  gold  ;  but  this  glafs  does  not 
keep  in  a  drop  upon  this  filver,  as  the  glafs  of 
gold  does  *,  on  the  contrary,  it  fpreads  over  the 
whole  furface,  as  if  it  was  a  yellow  varnifh.  This 
glafs  is  volatile,  and  evaporates  in  fume,  with 
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the  mafs  of  its  filver,  in  which  it  differs  from 
the  glafs  of  gold,  which  does  not  go  off  in  fume, 
and  differs  alfo  from  the  powder  gathered  upon 
the  filver  refined  v/ith  lead  ;  for  this  pow^der  in- 
creafes  more  and  more  upon  the  filver  expofed 
to  the  fun,  but  this  varnifh  does  not  feem  to  in- 
creafe  by  expofing  it  a  great  while  to  the  fun 
upon  the  filver. 

When  fine  gold  and  filver  have  been  for  fome 
time  melted  with  the  fun,  they  are  with  difficulty 
melted  with  the  common  fire;  and  their  diffol- 
vents  do  not  diffolve  them  fb  faff,  nor  with  fo 
much  ebullition  as  they  did  before,  which  is  ob- 
ferved  more  fenfibly  in  gold  than  in  filver. 

It  would  be  well  here  to  give  the  reafon  why  a 
glafs  is  formed  upon  gold  and  filver  refined  by 
antimony,  and  why  upon  filver,  refined  with  lead, 
it  only  makes  a  powder  which  does  not  vitrify  at 
all  ?  Why  thefe  glaffes  and  this  powder  have  not 
the  fame  weight  as  the  metals,  which  have  pro¬ 
duced  them  ?  Why  gold  melted  for  fome  time  in 
the  fun,  melts  with  difficulty  with  the  common 
fire?  And  why  fpirit  of  lalt  dillolves  it  almoll 
without  ebullition  ? 

To  give  thb  reafon  of  all  thefe  fa6ls,  I  find 
my  felf  obliged  to  fay  beforehand,  i.  What  the 
fire  of  our  furnaces  appears  to  be.  2.  In  what 
manner  it  ads.  And,  3.  the  difference  I  believe 
there  is  between  the  common  bre,  and  the  fire  of 
the  fun. 

I  fay  therefore,  that  the  fire,  which  we  com¬ 
monly  ufe,  or  flame,  is  nothing  but  a  liquid  com- 
pofed  of  the  matter  of  light  and  of  the  oil  of  the 
wood  or  coal  ;  this  fluid,  or  flame,  is  much 
lighter  than  the  air  that  furrounds  it,  and  being 
preffed  on  all  Tides  but  unequally  by  the  air,  it  is 
driven  by  it  continually  to  the  fide  where  it  is 
VoL.  I.  N'^.  1 1.  Eee  ieafl 
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Jeaft  preiTed,  which  is  ufually  upwards  with  re¬ 
gard  to  us,  or  from  the  earth. 

The  particles  of  the  flame  are  very  fmall,  and 
capable  of  pafTing  into  the  interlfices  of  the  mofl; 
folid  bodies,  being  driven  violently  againft  thefe 
bodies  by  the  air,  of  vdiich  the  preflure  is  more 
or  lefs  violent,  according  as  this  air  is  more  or 
lefs  condenfed  by  the  cold,  by  the  wind,  or  by 
an  artificial  blowing,  fuch  as  bellows,  reeds, 

The  violent  pafilige  of  the  flame  acrofs  the 
bodies,  which  are  penetrated  by  it,  diforders  and 
difunites  the  parts  of  thefe  bodies  :  this  difun  ion 
produces  in  fome  an  entire  dilTolution  of  their 
parts,  as  it  happens  to  all  bodies  reduced  to  afhes  ; 
in  the  others,  it  only  produces  a  firiiple  fufion, 
as  it  happens  in  metals  and  bodies,  that  vitrify, 
of  which  the  particles  reunite  and  become  again 
a  folid  body,  as  foon  as  the  violence  of  the  flame 
begins  to  ceale  :  but  as  the  interftices  of  thefe  fu- 
fible  bodies  prefer  ve  the  traces  of  the  flame  which 
has  penetrated  them,  thefe  interftices  remain 
greater  or  leflfer  in  the  coagulation  of  thefe  bo¬ 
dies,  according  as  the  flame  has  been  more  or  lefs 
great,  and  as  there  remain  more  or  lefs  parts  in  its 
interftices.  Thus  much  for  the  common  fire. 

The  fire  of  the  fun  is  only  the  Ample  matter  of 
the  light,  which  is  difperfed  in  the  air,  without 
'  the  mixture  of  any  oily  fubftance  of  wood,  or 
the  like,  driven  by  the  fun. 

This  matter  being  reunited  by  a  burning-glafs, 
and  driven  in  a  pretty  large  quantity  againft  any 
fubftance  whatfoever,  penetrates  it,  crolfes  it,  and 
difunites  the  parts  almoft  in  the  lame  manner,  as 
we  fee  the  common  fire  to  a6t. 

The  firft  fenfible  difference  of  thefe  two  fires, 
confifts  in  this,  that  one,  which  is  the  fun,  is  a 
fimple  matter,  whofe  parts  are  infinitely  fmaller 
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than  thofe  of  the  common  fire,  which  confifts,  as 
we  jufi:  faid,  in  a  grofs  mixture  of  the  oil  of  the 
wood  with  the  matter  of  the  light. 

The  fecond  fenfible  difierence  of  thefe  two 
fires  is,  that  the  air,  which  is  heavier  than  the 
flame,  drives  the  flame  according  to  the  laws  of 
the  eqiiilibru7n  of  fluids,  without  which  the  flame 
w'ould  have  no  motion  ;  whereas  the  fire  of  the 
jiin  is  driven  by  the  fun,  without  the  air  contribu¬ 
ting  any  way  to  its  adlion,  which  is  plainly  proved, 
becaufe  the  flame  cannot  fubfiil  nor  ad:  in  a  place 
void  of  air,  and  becaufe  the  rays  of  the  fun  ad: 
with  as  much  violence  in  a  vacuum^  as  in  the 
open  air. 

Knowing  therefore  the  principal  differences  of 
the  nature  of  thefe  two  fires,  we  muft  examine 
alfo  their  different  efftd:s. 

We  have  obferved  before,  that  the  pores  or  in- 
terftices  of  fufible  bodies,  preferve  after  their  fu- 
fion,  the  traces  as  well  of  the  common  fire,  as  of 
that  of  the  fun,  which  is  plainly  feen  by  the  in¬ 
duration  and  boiling  of  the  metals. 

Vv^e  have  alfo  obferved  that  the  fiame,  accord¬ 
ing  as  it  is  more  or  lefs  thick,  leaves  in  the  pores 
of  the  body  which  it  penetrates,  a  part  of  its  fub- 
flance,  which  is  proved  alfo,  as  well  by  the 
weight  that  certain  bodies  acquire  in  their  calci¬ 
nation,  as  becaufe  certain  metals  which  are  foft 
under  the  hammer,  btcoine  brittle  if  we  melt 
them,  or  if  we  make  them  red  hot  in  a  coal 
fire. 


This  being  fuppofed,  v/e  mud  imagine  that  a  me¬ 
tal,  for  example,  gold,  having  been  melted  with  the 
fin,  muft  have  its  pores  or  jnterllices  more  clofe, 
than  if  it  had  bten  melted  by  the  common  fire, 
fince  the  fiibftanccs,  which  have  paffed  tlirough 
the  pores  of  thefe  two  different  maffes  of  gold, 
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kre  very  different  in  thicknefs.  And  as  thefc 
pores  do  not  remain  void,  the  matter  which  is 
introduced  into  thofe  of  gold  melted  by  the  com¬ 
mon  fire,  which  are  large,  muft  be  in  a  greater 
abundance  than  they  are  in  the  pores  of  gold 
melted  by  the  fun,  v/hich  are  fmall. 

We  mufl  alfo  confider,  that  the  points  of  the 
fpirit  of  fait,  which  are  diffolvertts  of  gold,  muft 
drive  out  its  foreign  matter  which  pofTeffes  them, 
and  that  a  greater  quantity  of  this  matter  muft  go 
out  of  the  pores  which  contain  much  of  it,  than 
there  muft  out  of  thofe  which  contain  but  a  little. 

And  as  it  is  only  this  foreign  matter,  which  is 
introduced  into  the  pores  of  a  metal,  that  makes 
the  bubbles  which  appear  in  the  diffolutionof  a  me¬ 
tal,  there  muft  be  much  more  ebullition  in  the  dif- 
folution  ofgold  that  has  been  melted  by  the  common 
fire,  than  in  that  which  has  been  melted  by  the  fire 
of  the  fun.  Befides,  we  fee  that  in  the  diffolution  of 
this  firft,  there  are  many  more  of  thefe  bubbles 
very  fenfible,  and  that  in  the  other,  there  are  fo 
few,  that  thofe  who  have  been  prefent  at  this  ex¬ 
periment  have  hardly  feen  any. 

'We  have  alfo  obferved,  that  gold  which  has 
been  melted  with  the  fun,  melts  with  much  more 
difficulty  at  the  common  fire,  than  it  did  before 
it  had  been  melted  with  the  fun.  It  is  eafy  to 
underffand  the  reafon  of  if,  if  we  fuppofe,  as  we 
have  done,  that  the  pores  of  gold  melted  by  the 
fun  are  more  clofe  than  thofe  of  gold  melted  by 
the  common  lire,  and  that  the  parts  of  the  flame, 
or  of  the  common  fire,  are  groffer  than  thofe  of 
the  fire  of  the  fun. 

It  muft  follow  from  hence,  that  the  clofe  pores 
of  gold  melted  by  the  fun,  give  a  more  diffi¬ 
cult  pafilige  to  the  grofs  parts  of  the  flame,  than 
do  the  larger  pores  of  gold  melted  by  the  common 
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fire  ;  or  which  is  the  fame  thing,  the  common 
fire  with  greater  difficulty  puts  in  fufion  the  gold 
which  has  been  melted  by  the  fun,  than  that 
which  has  not. 

We  have  alfo  obferved,  that  the  glafs  of  gold 
is  lighter  than  a  like  bulk  of'  gold  is.  To 
underdand  the  reafon  of  it,  we  muft  imagine  that 
the  parts  which  a  perfedl  metal  is  compofed  of, 
are  of  quickfilver,  of  a  metallic  fulphur,  and  fome 
terreflrial  matter,  that  the  quickfilver  is  always 
volatile,  and  that  the  metallic  fulphur  and  the 
terrefnal  matter  are  fixed. 

W  e  may  alfo  imagine,  that  the  parts  of  the 
matter  of  light,  or  of  the  rays  of  the  fun  .are  fmall 
enough  to  be  introduced  even  into  the  compo- 
fition  of  the  metal,  to  difunite  the  principles,  a- 
mong  which  the  quickfilver  being  naturally  vola¬ 
tile,  finding  itfelf  difengaged  from  the  metallic 
fulphur  which  held  it,  is  carried  away  in  fume 
by  the  violence  of  thefe,rays :  but  that  the  me¬ 
tallic  fulphur  being  thus  fixed,  and  remaining 
with  the  earth  of  the  metal,  they  melt  together 
and  appear  afterwards  in  the  form  of  glafs  ;  fo 
that  in  this  glafs  of  gold,  there  is  only  found  the 
earthy  lubfiance  of  the  gold,  melted  or  vitrified 
by  its  fulphur,  and  as  the  heavy  part  of  a  metal 
is  its  quickfilver,  which  does  not  make  any  part 
of  the  glafs  of  the  gold,  this  glafs  muft  be  lighter 
than  the  gold  icfcii  which  contains  all  its  quick- 
filver. 

We  have  alfo  obferved,  that  the  earth  of  filver 
does  not  vitrify  as  does  that  of  gold,  which  pro¬ 
ceeds  probably  from  this,  that  filver  has  much 
lefs  fulphur  than  the  gold  ;  that  the  fulphur  muft 
ferve  for  a  fiux  to  its  earth,  and  that  there  is  not 
enough  found  in  the  filver  to  put  the  earth  in  fu¬ 
fion,  and  to  vitrify  it. 
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This  is  confirmed  by  filver  that  has  .been  re¬ 
fined  by  antimony,  the  earth  of  which  vitrifies  as 
does  that  of  gold,  becaufe  there  remains  in  this 
filver  a  part  of  the  fulphur  of  the  antimony, 
which  ferves  for  a  flux  to  this  earth  :  but  the  ful¬ 
phur  of  antimony  not  being  fixed  as  that  of  gold 
is,  theglafs  which  is  made  with  the  earth  of  filver 
is  raifed  in  fume  with  its  quickfiJver. 

We  fee  by  thefe  obfervations,  that  the  idea 
which  we  had  formed  in  chymiflry  of  the  invin¬ 
cible  fixednefs  of  gold  and  filver  does  not  fubfift 
any  longer. 

VIII.  A  defcrtptm2  of  the  labyrmth  of  Can- 
dia  :  with  fome  obfervations  on  the  growth 
and  generation  of  ft  ones  ^  by  M.  Tourne- 
fort.  "Tranjlated  by  Mr,  Chambers. 


The  labyrinth  of  Candia  is  a  fubterraneous  paf- 
fige,  in  manner  of  a  ftreet,  which,  by  a  looo 
turns  and  meanders  on  every  hand,  without  the 
lead  regularity,  traverfes  the  whole  in  fide  of  a 
hillock,  fituate  at  the  foot  of  mount  Ida^  3  miles 
from  the  ancient  city  of  Gorlina,  The  entrance 
of  this  labyrinth  is  by  an'  aperture  7  or  8  paces 
wide,  but  fo  low,  that  a  man  "of  moderate  fize 
cun  hardly  pafs  without  (looping  \  the  bottom  of 
the  entrance  is  very  uneven,  but  the  top  quite 
fiat,  and  naturally  terminated  by  feveral  beds  or 
jlrata  of  fiones,  placed  horizontally  over  each 
other.  The  firfl  thing  we  meet  withal,  is  a  kind 
of  rufiic  cavern,  the  defcent  whereof  is  very  gen¬ 
tle  :  but  upon  advancing  further,  the  place  ap¬ 
pears  perfectly  furprizing.  Among  the  multitude 
of  turnings,  there  is  one  alley,  much  lefs  intricate 
than  the  reft,  which  by  a  path  about  1200  paces 
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long,  whofe  extremity  divides  into  two,  leads  to 
a  large  beautiful  hall  at  the  farther  end  of  the  la¬ 
byrinth:  to  find  this  alley,  we  are  to  turn  en  the 
left,  about  30  paces  from  the  entrance,  if  any 
other  pafifage  be  taken  in  lieu  of  it,  after  travel¬ 
ling  a  good  way,  we  find  ourfelves  engaged  in  a 
multitude  of  nooks  and  blindhoies,  which  v/t  have 
much  ado  to  recover  ourfelves  from. 

In  half  an  hour’s  time  we  advanced  1 16a  paces 
in  the  principal  alley,  without  turning  either  to 
the  right  or  left  ;  it  is  7  or  8  feet  high,  and  roofed 
with  a  horizontal  ftratum  of  rocks,  tho’  in  fonie 
places  one  is  obliged  to  (loop  a  little,  and  par¬ 
ticularly  in  a  place  about  the  middle  to  walk  on 
all  fours,  it  is  commonly  broad  enough  for  two 
perfons  to  walk  in  front,  and  the  floor  very  even, 
without  any  confiderable  rife  or  fall  *,  the  walls 
are  cut  perpendicularly,  or  formed  of  flones  which 
had  obflrudled  the  pafTage,  and  have  fince  been 
ranged  very  neatly,  as  in  walls  where  no  mortar 
is  ufed  ;"but  there  are  fome  partings  to  encounter 
withal,  that  a  perfon  would  be  inevitably  loft, 
without  the  neceffary  precautions.  As  we  had  a 
great  defire  to  come  back  again,  we,  firft,  pofted 
one  of  our  guides  at  the  entrance  of  the  cavern, 
wdth  order  to  fetch  people  from  the  neighbouring 
town  to  come  to  our  deliverance,  in  cafe  we  did 
not  return  before  night.  Secondly,  each  of  us 
carried  a  large  flambeau  in  his  hand.  Thirdly, 
we  ftftened  papers,  marked  in  all  the  pafTages 
on  the  right,  which  appeared  difficult  to  be  liit 
again.  Fourthly,  one  of  our  Greeks  left  little 
bundles  of  thorns  provided  for  the  purpofe  on- the 
left,  and  another  took  care  to  flrew  chaff  along 
the  road,  of  which  he  carried  a  bag  full  underii;s 
arm.. 

By 
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By  this  means  we  made  a  happy  journey,  but 
after  having  well  examined  the  place,  we  were  all 
agreed,  that  there  was  no  appearance  of  its  be¬ 
ing  an  ancient  quarry  from  whence  Hones  have 
been  dug  to  build  the  cities  of  Gorlina  and  Gnof- 
fus^  as  Bellonius  and  fome  modern  authors  have 
imagined,  what  probability  is  there,  that  they 
would  feek  for  Hones  in  the  recefs  of  a  narrow 
alley  above  a  mile  long,  and  interfedling  by  fuch 
a  multitude  of  other  roads,  which  run  througii  a 
whole  mountain,  that  a  perfon  is  in  danger  every 
moment  of  being  loH  ?  They  would  much  ra¬ 
ther  have  opened  the  quarry  in  the  ufual  manner, 
as  we  find  pradlifed  in  the  famous  quarries  of 
Paros  and  Scio  ;  how  would  they  get  the  Hones 
along  in  a  place  only  pafiable  upon  the  hands  and 
feet,  and  which  yet  is  upwards  of  loo  paces  long, 
and  is  certainly  all  natural  ?  Add  that  the  moun¬ 
tain  is  fo  rough  and  Hiarp,  that  we  had  much  a- 
do  to  mount  it  on  horfeback  ;  we  looked  but  in 
vain  for  the  ruts  of  the  waggons,  which  Bello- 
Tiius  aflures  us  he  had  obferved  therein  ;  fuch  ruts 
however  could  only  fliew,  that  they  had  made 
ufe  of  waggons  to  clear  the  alleys  of  the  laby¬ 
rinth,  not  that  they  had  dug  in  it  for  Hones  for 
building ;  it  may  even  be  obferved,  that  the  Hone 
of  this  labyrinth  is  neither  hard  nor  beautiful,  be¬ 
ing  of  a  dirty  coloured  white,  like  that  in  the 
mountain,  at  whofe  foot  the  city  Gorlina  Hands ; 
and  as  to  the  city  Gnojfus^  it  was  a  great  diHance 
off. 

’Tis  much  more  probable  therefore,  that  the 
labyrinth  is  only  a  natural  paHage,,  which  fome 
wealthy  people  had  amufed  themfelves  many  ages 
ago  with  making  pafiable,  by  opening  moH  of 
the  places  which  had  been  too  narrow  to  raife  the 
roof,  they  had  only  to  pull  down  fome  beds  of 
I  Hone 
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ftone,  which  naturally  lie  in  horizontal  ftrata^ 
through  the  whole  thicknefs  of  the  mountain ; 
and  they  were  at  the  pains  of  cutting  the  walls 
perpendicularly  in  fome  places,  and  to  range 
moft  of  the  ftones  which  obftru6led  the  paflage 
of  the  low  place,  where  we  are  to  creep  on  all 
fours,  they  might  poffibly  leave  untouched,  as  a 
document  to  pofterity,  what  all  the  reft  had  na¬ 
turally  been  *,  for  beyond  this  place  the  alley  is  as 
beautiful  and  commodious  as  on  this  fide.  As  the 
ancient  Greeks  were  ftruck  with  every  thing  which 
had  the  appearance  of  grandeur,  efpecially  in 
matters  of  building,  ’tis  probable  they  undertook 
to  perfedl  what  they  found  nature  had  only  fketched 
out.  Some  fhepherds  perhaps  fir  ft  difcovered 
thefe  fubterraneous  paftages,  and  gave  room  for 
the  great  men  of  thofe  times  to  enlarge  them  ; 
and  thus  to  make  that  wonderful  labyrinth,  which 
now  only  ferves  as  a  retreat  to  bats,  though  it 
may  anciently  have  afforded  fhelter  to  feveral  fa¬ 
milies  during  the  civil  wars,  or  under  the  reigns 
of  tyrants  ;  for  the  place  is  quite  dry,  and  void 
both  of  drains  and  congelations.  It  may  be  added 
to  this  conjedture,  that  there  are  two  or  three  o- 
ther  very  deep  natural  paftages  in  the  hills,  near 
the  labyrinth,  which  might  be  formed  into  the 
like  wonders,  if  it  were  found  worth  while.  Ca¬ 
verns  are  very  frequent  through  the  whole  ifte  of 
Candia  *,  and  moft  of  the  rocks,  efpecially  thofe 
of  mount  Ida^  are  pierced  with  holes,  into  which 
one  may  thruft  the  head,  and  through  them  we 
frequently  difeern  deep  perpendicular  caves  ;  nor 
can  any  reafon  be  alledged  why  there  may  not  be 
horizontal  paftages  between  them,  efpecially  in 
places  where  the  banks  offtones  are  laid  horizon¬ 
tally  over  each  other.  ’Tis  probably,  that  they 
who  dug  the  amphitheatre  of  Douvai  in  Freince, 
VoL.  I.  N'^.  1 F  ff  v»ere 
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were  invited  thereto  by  fome  cavern,  whofe  aper¬ 
ture  might  be  like  that  of  our  wells,  and  the 
beauty,  or  perhaps  the  oddnefs  of  the  place,  en¬ 
gaged  them  to  enlarge  it,  and  give  it  the  form  of 
an  amphitheatre,  which  flill  pofTefies  the  cavity 
of  a  large  mountain,  all  the  outfides  whereof  are 
covered  with  earth  ;  nor  is  this  lefs  wonderful 

than  the  labyrinth  of  Candia. - Be  this  as  it 

will,  ’tis  certain  the  labyrinth,  which  is  now  feen 
in  that  ifland,  is  not  the  famous  labyrinth  men¬ 
tioned  by  the  ancients.  This  latter  was  built  by 
Dedalus^  upon  the  model  of  the  labyrinth  of 
Mgypt^  which  was  one  of  the  moft  celebrated 
buildings  in  the  world,  being  adorned  at  its  en¬ 
trance  with  a  vaft  number  of  columns,  and  loo 
times  bigger  every  way  than  that  ol  Candia^  as 
we  are  aflured  by  Pliny^  who  adds,  that  there 
was  no  remains  of  this  latter  extant  in  his  time. 

I  cannot  quit  the  labyrinth  without  mentioning 
a  very  remarkable  obfervation,  which  I  had  long 
been  feeking  for  to  confirm  a  fyftem,  which  1 
have  formerly  advanced  concerning  the  vegita- 
tion  of  ftones.  Thofe  of  this  labyrinth  do  fenfi- 
bly  grow,  and  augment  without  any  room  for 
fuipecfling  any  foreign  matter  employed  externally 
to  them  •,  they  who  engraved  their  names  on  the 
walls  of  this  place,  which  are  all  of  living  rock, 
and  are  hewn  perpendicularly,  little  imagined, 
that  the  ftrokes  of  their  chizcls  would  gradually 
fill  up,  and  in  procels  of  time,  they  fiiould  be¬ 
come  raifed  or  prominent  2  or  3  lines  above  the 
naked  of  the  Hone ;  fo  that  the  charadlers,  which 
at  firft  were  indented,  are  now  fo  many  bafib 
relievos,  the  matter  thereof  is  whitilh,  tho’  the 
Hone  they  arife  from  be  greyiih  ^  and  I  can  no 
otherwiie  conce'ive  them,  than  as  a  kind  of  cal¬ 
lus  lorn’icd  by  the  natural  juice  of  the  Hone, 

which 


Royal  Academy  c/Sciences.  411 

which  had  gradually  oozed  or  extravafated  into 
the  wound,  cut  in  their  fubftance  much  like  the 
callus  formed  between  the  fibres  of  fra6lured 
bones,  tho’  as  the  fubftance  of  thefe  prominences 
is  all  rough,  and  as  it  were  grained,  it  might 
likewife  be  compared  to  young  flefh,  which  every 
body  knows  rifes  much  in  this  manner.  Some¬ 
thing  of  this  kind  is  alfo  obfervable  in  the  bark 
of  trees,  whereon  names  have  been  graven  by  the 
point  of  a  knife  *,  the  poet  had  reafon  to  fay, 
that  the  charade rs  grew  as  the  tree  grew. 

Crefcent  ill<je  crefcetis  amoris. 

Before  my  departure  I  fhewed  the  academy  an 
eagle’s  ftone,  wherein  there  were  callus’s  of  the 
like  kind.  Upon  breaking  this  ftone  to  ob- 
ferve  its  inward  ftrudure,  I  found  it  covered  in 
certain  places  with  feveral  ancient  callus’s,  which 
had  clofed  the  parts  which  had  been  broken  at  the 
fame  time  when  it  was  growing.  Thefe  callus’s 
were  only  the  nutritious  juice  of  the  fame  ftone, 
which,  after  uniting  the  parts,  had  thruft  about 
half  a  line  thick  beyond  the  fame,  and  were  at 
length  hardened  into  a  kind  of  folder.  The  fame 
thing  had  befallen  one  of  thofe  ftones  brought 
from  the  Indies^  wherein  we  frequently  find  chry- 
ftals,  and  fometimes  little  diamonds.  This  ftone 
having  been  cloven  by  fome  accident  into  feveral 
pieces,  they  had  been  knitted  together  again  by 
a  natural  callus. 

Thefe  three  obfervations  evidently  fhew,  that 
there  are  ftones  which  grow  in  the  quarries,  and 
which  confequently  are  nourifhed,  and  that  the 
fame  juice  which  nourifhes  them,  ferves  to  rejoin 
their  parts,  when  they  happen  to  be  brokert.  Af¬ 
ter  the  like  manner,  as  is  obferved  of  the  bones 
of  animals,  or  the  branches  of  trees,  where  care 

F  f  f  2  is 
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is  taken  to  clofe  them  with  a  bandage,  this 
being  fo,  we  can  hardly  make  any  doubt,  but 
that  there  are  ftones  which  are  organized,  for  their 
nutritious  juice  can  only  be  drawn  from  the 
earth  *,  and  this  juice  muft  have  been  filtrated 
thro’  their  furface,  which  we  may  here  confidcr 
as  a  kind  of  bark,  and  conveyed  thence  into  all 
the  other  parts.  ’Tis  more  than  probable,  that 
the  juice,  which  filled  up  the  cavities  of  the  cha- 
radters  graven  in  the  labyrinth  of  Candia^  had 
been  conveyed  to  the  furface  of  this  rock  from 
the  bottom  of  its  roots ;  nor  is  there  any  more 
difficulty  in  conceiving  this,  than  in  conceiving 
how  the  fap  paffes  from  the  roots  of  the  largeft 
oaks  and  pines  to  the  tips  of  their  higheft  branches. 
The  heart  of  thefe  trees,  ’tis  certain,  is  extremely 
hard  ;  and  that  of  ebony  guaicum,  and  the 
lignum  ferri  much  harder.  Coral  is  as  hard  in 
the  fea,  as  out  of  it  ;  and  what  we  call  fea-mufh- 
rooms,  whofe  ftrufture  is  fo  much  admired,  and 
which  have  the  confent  of  all  mankind  for  their 
growth,  are  really  ftone,  and  fo  like  the  common 
hone,  that  they  are  ufed  in  America  to  make 
lime  of.  No  body,  I  fuppofe,  will  deny  but 
that  flieils  likewife  grow,  by  means  of  a  nutri¬ 
tious  juice ;  yet  this  juice,  as  well  as  that,  where¬ 
by  the  other  hard  bodies  above-mentioned  are  fed, 
is  convey’d  into  the  tubes  of  fuch  bodies  how  nar¬ 
row  foever  they  be,  as  eafily  as  into  thofe  of 
plants,  which  are  much  fofter. 

It  cannot  be  denied  therefore,  but  that  fome 
ftones  feed  themfelves  like  plants  •,  and  there  is 
even  room  to  fufpedl,  that  they  are  likewife  pro¬ 
pagated  after  the  lame  manner ;  at  leaft  we  have 
a  multitude  of  ftones,  whofe  generation  can  hardly 
be  conceived,  without  fuppofing  that  they  arile 
from  a  kind  of  feed,  if  I  may  ufe  the  term, 

that 
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that  is,  from  a  germ,  wherein  the  organkal  parts 
of  thofe  ftones  are  contained  in  miniature,  as 
thofe  of  the  largeft  plants  are  in  the  embryos  of 
their  feeds. 

The  ftones  called  cornu  ammonis^  lapis  judai- 
cus^  toadftone,  aflroites^  ferpent’s  eyes,  with  the 
Bolonian  and  Florentine  Hones,  the  feveral  fpecies 
of  pyrites^  fea-mufhrooms,  chryftals  of  the  rock, 
and  an  infinity  of  other  ftones,  fuppofe  their  fe¬ 
veral  feeds  as  much  as  common  mufhrooms,  truf¬ 
fles,  and  feveral  fpecies  of  moffes,  whofe  feeds 
have  not  yet  been  difcovered ;  how  fhould  the 
cornu  ammonis  come  to  be  conftantly  in  the  figure 
of  a  fcroll  or  volute,  unlefs  we  fuppofe  a  feed 
wherein  the  fame  ftru6lure  was  contained  in  little  ? 
Who  was  it  that  moulded  it  fo  accurately  ?  Where 
are  the  moulds  ?  So  far  from  this,  that  thefe 
ftones  are  found  in  the  ground  like  common  peb¬ 
bles,  notwithftanding  all  the  enquiry  I  have  been 
able  to  make  in  Provence^  Poidlou^  and  Norman¬ 
dy  ^  where  thefe  ftones  are  common  enough,  I 
have  found  none  of  their  moulds,  nor  any  thing 
like  them.  The  ftru(fl:ure  of  the  metallic  cornu 
ammonis  is  ftill  more  remarkable  than  that  of  the 
ftony  ones ;  the  former  are  likewife  fpiral  ;  but 
there  are  fome  fpecies  of  them,  where  each  fpire 
confifts  of  feveral  pieces,  articulated  together  by 
fuitures,  like  thofe  of  the  fkull,  aiS  is  eafily  per¬ 
ceived  upon  breaking  them. 

The  lapis  judaicus  is  in  the  figure  of  an  olive, 
but  flatted  on  the  outfide,  and  roughened  with 
little  grains ;  in  breaking  it  always  cleaves  oblique¬ 
ly,  and  glitters  like  talc  to  the  genus  whereof  it 
muft  be  referred  ;  fince  by  calcination,  it  becomes 
plaiftered,  like  the  fpecies  of  talc,  called  lapis 
felenites  :  now  the  jew's  ftones,  'are  not  certainly 
moulded  thus,  and  confequently  recourfe  muft  be 
had  to  their  feed.  Thg 
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The  toad-flone,  and  thofe  called  ferpent’s  eyes,‘ 
which  are  naturally  of  a  beautiful  polifh  are  alfo 
formed  by  their  peculiar  feeds,  fattened  upon 
rocks,  which  furnith  a  juice  proper  to  dilate  them. 
The  federal  fpecies  of  eagle-ftones,  which  are 
commonly  in  figure  of  an  egg,  and  have  a  chore 
in  their  cavity,  like  the  ball  of  a  little  bell,  can¬ 
not  be  produced  without  a  feed ;  and  the  fame 
may  be  faid  of  the  belemites^  otherwife  called 
lapis  lynfis^  wherein  we  find  radii  iffuing  from 
the  fame  centre,  and  terminating  in  the  circum¬ 
ference  and  a  bafe,  ufually  hollowed  in  form  of  a 
cone.  Such  a  ftruflure  fuppofes  either  feeds,  or 
moulds ;  but  no  moulds  are  found ;  or  if  they 
were,  who  was  there  to  break  them,  in  order 
to  difengage  the  flones  ?  If  we  fometimes  find 
thefe  kinds  of  flones  in  rocks,  kis  by  reafon  the 
rock  happened  to  involve  them  in  its  growth  ;  as 
likewife  befalls  thofe,  called  fhell-rocks,  whofe 
genefis  may  be  explained  from  the  inflance  of  thofe 
flones,  which  are  fometimes  found  in  the  trunks  of 
large  trees. 

The  aflroites  is  called  by  Gefner  lapis  aft  ere  as  ^ 
by  reafon  its  figure  always  confifls  of  fix  radii. 
Thofe  flarry  ftones,  which  are  radiated  like  a 
fifh’s  bones,  are  commonly  found  feveral  of  them 
faflened  together,  mhonzomdX  ft  rat  a.  The  ft  ones 
called  entrochi.,  are  alfo  in  ftrata.,  but  their  cir¬ 
cumference  is  round.  Some  of  them  are  jointed 
together,  as  it  were,  with  mortices  and  tenons. 
The  fpecies  of  pyrites.,  both  oval,  fpherical  and 
cylindrical,  whofe  furfaces  are  either  polifhed,  or 
cut  like  diamonds,  are  penetrated  by  radii.,  which 
terminate  in  a  fpecies  of  axis.,  which  pafs  thro* 
their  centre,  traverfes  them  from  pole  to  pole. 
Thefe  pyrites.,  I  fay,  were  not  certainly  caft:  in  a 
mould,  any  more  than  the  flones  pf  Bologne  or 

"""  Florence^ 
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Florence^  which  commonly  reprefent  the  fame 
Jandfcapes,  or  the  fame  ruins  of  towns ;  and  it  is 
not  more  probable,  that  thofe  fpecies  of  agates, 
which,  from  their  reprefenting]  little  fhrubs,  or 
foliages,  dendroides^  arife  from  their  peculiar 
feeds.  Thefe  ftones  are  found  in  the  earth  fepa- 
rate  from  each  other. 

Chryftals  of  the  rock  may  like  wife  probably 
be  produced  from  feeds.  Thefe  chryftals  are  na¬ 
turally  cut  in  flat  fides,  and  their  figure  is  conle- 
quently  the  fame  in  all  the  fame  fpecies ;  that  is, 
all  the  pieces  of  the  fame  block  of  chryftal  con- 
fift  of  3,  4,  5,  6,  or  7  faces ;  yet  there  is  no  room 
to  fufpedt  either  their  being  moulded,  or  formed 
by  any  coagulation  like  chymical  falts :  for,  be- 
fides  that  we  evidently  fee  thefe  chryftals  come 
out  of  the  rock,  where  they  are  faftened  varioufly 
againft  the  fides  of  caverns,  with  their  points 
turned  upwards,  downwards,  or  fide-ways.  It 
cannot  be  alledged,  that  the  juice,  which  produ¬ 
ced  thefe  ftones,  had  been  caft  in  the  caverns  like 
diflfolutions  of  nitre,  for  inftance,  evaporated  in 
carthern  pans,  that  of  the  chryftals  muft  have  ne- 
ceftfarily  paffed  thro’  the  rock  ;  and  we  cannot 
fuppofe  that  it  paftfed  all  at  once,  and  fixed  there¬ 
on  by  little  and  little,  efpecially  if  we  confider, 
that  there  are  pieces  of  chryftal,  which  v/eigh 
upwards  of  60  pounds,  as  is  obferved  by  Hottin- 
ger,  in  the  country  Valais  ;  thofe  brought  from 
Madagafcar  are  very  malTive.  Father  Kircher 
aftfures  us,  he  had  met  with  fome  which  weighed 
above  100  pounds;  and  Pliny  relates,  that  Livia^ 
the  wife  of  Augujius^  carried  fome  to  the  capitol, 
which  weighed  above  50  pounds.  If  fo  large  a 
quantity  of  liquor  was  Ihed  all  at  once,  out  of 
the  pores  of  rocks,  ’tis  evident,  it  would  run 
down  every  way,  and  form  a  lump  of  ice,  in 

lieu 
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lieu  of  a  cylindrical  body,  regularly  hewn  in 
flat  fides.  *Tis  certain  therefore,  that  the  juice, 
which  contributes  to  the  growth  of  the  chryflal, 
tranfpires  by  little  and  little  through  the  rock  ; 
and  this  being  fo,  how  can  we  conceive  it  to  rife 
in  tall  columns,  from  an  inch  to  upwards  of  a 
foot  high,  without  fuppofing  feeds,  which  gra* 
dually  fweiling  by  the  nutritious  juice  they  re¬ 
ceive  from  the  rock,  unfold  and  difplay  the  regu¬ 
lar  ftrudture  which  they  included,  perhaps,  under 
the  furface  of  a  point.  There  feems  to  be  a  good 
deal  of  relation  between  the  genejis  of  thefe  chryf- 
tal  columns,  and  that  of  teeth  *,  each  feed,  as  it 
fwells,  may  perhaps  form  a  kind  of  hexagonal 
trunk,  whofe  iafide  only  hardens  by  little  and 
little.  This  ll:ru(!ilure  might  be  treated  as  imagi¬ 
nary,  were  it  not  known  that  diamonds  them- 
feives  cut  more  eafily  one  way  than  another ;  that 
marbles  have  their  veins  ;  and  that  rock-chryftal 
has  its  pores  open  enough,  to  imbibe  the  colours 
which  are  given  it-,  but  after  feveral  enquiries 
upon  the  figure  affeffed  by  chryftals,  concludes 
it  as  natural  to  thofe  Hones,  as  that  of  the  leaves 
and  flowers  of  plants  ;  and  he  attributes  both  the 
one  and  the  other  to  an  architeflonical  fpirit,  and 
a  plaftic  power,  how  much  eafier  is  it  to  fuppofe 
a  kind  of  eggs,  fince  every  body  agrees,  that  the 
feeds  of  plants  are  as  much  eggs,  as  the  parts  of 
birds  or  fiflies,  which,  in  all  ages,  have  bore  that 
name  ?  And  what  is  an  egg,  if  it  be  not  the  bird, 
fifh,  plant,  or  perhaps  Hone  in  miniature  ?  We 
may  therefore  fuppofe,  that  chryftals  vegitate, 
like  feveral  other  ftones  ;  that  is,  begin  with  a 
feed,  or  germsn,  and  that  the  fame  juice,  which 
is  communicated  to  them  by  the  rock,  from 
whence  they  arife,  hatches  aiid  makes  them  grow 
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as  far  as  their  folid  texture  is  capable  of  ftretch- 
ing;  and  what  can  we  think  of  thofe  found 
near  Allenfon  and  Medoc^  the  former  whereof  are 
hexagonal  and  pyramidal,  at  the  two  ends  having 
a  colour  withal  much  like  diamonds,  and  found 
in  fprings  *,  while  the  latter  are  almoft  oval,  of 
a  darker  colour,  and  found  in  the  ground ;  do 
not  both  of  them  fuppofe  real  feeds,  as  much 
as  thofe  naturally  found  in  the  lentil  form,  or 
which,  with  their  lenticular  figure,  have  a  ridge 
like  an  afs’s  back  ? 

We  are  not  to  conclude  that  rock  chryllals 
are  form’d  as  large  as  we  find  them,  from  there 
being  piles  of  hay,  hogs  bridles,  and  the  like  matters 
fometimes  found  in  them,  for  befides  that  what 
we  call  hogs  bridles,  may  only  be  defedls  of 
matter  found  in  the  feeds,  ’cis  poffible  that  thefe 
feeds  in  the  courfe  of  their  growth,  may  have  fallen 
upon  fuch  bodies,  and  gradually  inclofed  them. 

Ificles  begin  by  a  round  hollow  tubercle, 
which  in  thofe  fufpended  from  above  downwards, 
lengthens  as  a  tube,  and  grows  or  fwells  by  rinds, 
like  the  dems  of  young  trees  *,  duch  as  begin 
from  below  upwards,  grow  likewife  by  rinds, 
but  their  cavity  neceffarily  fills  up,  on  account 
of  the  fituation  ;  the  congelations  themfelves  be¬ 
gin  with  a  kind  of  germ  or  femen,  and  ’tis  pro¬ 
bable  the  generality  of  thefe  germs  remain 
hollow  ^ver  after^ 

What  we  call  fluores  lapidum  may  perhaps 
be  referr’d  to  the  fame  caufe,  efpecially  fuch 
as  are  form’d  in  thofe  oval  or  roundilh  pebbles 
found  in  the  Levant^  feparate  from  each  other, 
their  outer  furflice  is  fmooth,  and  as  hard  as  flinr, 
but  the  infide  is  hollow  and  lin’d  with  chrydals 
or  other  matters,  whofe  figure  and  colours  are 
wonderfully  beautiful  5  docs  it  not  appear  that 
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their  germs  had  been  dilated  by  little  and  little, 
and  their  parts  open’d  and  difplay’d  from  each 
other,  by  means  of  a  juice  imbib’d  from  the 
?arth. 

That  immenfe  quantity  of  common  pebbles 
which  covers  the  Craudarles^  feeins  to  confefa 
the  fame  principal  ;  that  tradl  of  ground,  which 
is  upwards  of  feven  leagues  around,  is  fo  full  of 
roundifh  pebbles,  that  we  find  them  in  plenty 
wherefoever  we  dig.  M.  de  Peirefc^  who  firft 
flatted  this  notion  of  the  feeds  of  frones,  tho’ 
he  fhewed  that  term  in  a  different  fenfe  from 
ours,  alledges  this  plain  as  a  proof  of  his  opinion, 
for  how  fhall  we  fuppofe  all  thefe  pebbles  were 
form’d  ;  it  muft  not  be  pretended  that  they  are  as 
old  as  the  world,  unlefs  we  maintain,  that  all  the 
flones  upon  the  earth  were  produced  at  the  fame 
time,  whereas  the  obfervations  already  deliver’d 
upon  the  vegetation  of  flones,  afford  a  proof 
that  there  are  new  ones  produced  every  day ; 
and  the  fame  M.  de  Peirefcy  while  he  was  yet 
very  young,  made  a  notable  remark  to  the 
fame  purpofe  ;  bathing  one  day  in  the  Rhone^ 
near  the  city  Avignon^  he  perceived  that  the 
bottom  of  the  river  was  become  all  uneven,  and 
cover’d  with  little  foftifh  pebbles  like  hard  eggs,' 
flripped  of  their  fhells ;  but  he  was  flill  farther 
furpriz’d,  when  he  found  fome  days  after,  that  nor 
only  thofe  which  he  carried  home  with  him,  bun 
thofe  which  had  remained  in  the  Rbone^  were 
become  as  hard  and  folid  as  any  other  pebbles 
on  the  edge  of  the  river  j  he  fuppofed  that  thefe 
germs  or  young  flones  had  been  turn’d  up  by  an 
earthquake,  which  was  felt  lome  days  before, 
and  had  thrown  them  out  of  the  bowels  of  the 
eartfo 
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To  thefe  obfervations  may  be  added  another 
which  we  made  in  an  iQand  of  the  Archipelago^ 
called  AntiparoSy  becaufe  fituate  overagainft  the 
famous  idand  Paros.  From  the  bottom  of  one 
of  the  fineft  grottos  imaginable,  lined  all  over 
with  beautiful  congelations,  arife  feveral  marble 
pillars,  the  higheft  whereof  is  upwards  of  fix 
feet,  and  one  foot  in  diameter,  being  pretty  cy- 
'iindrical,  and  equally  thick  every  where  ;  there 
are  other  little  ones  all  about  it  like  fo  many 
young  horns,  and  not  far  off  there  is  half  a 
one  remaining,  which  had  been  broke  off,  and 
now  reprefents  the  trunk  of  a  felled  tree  ;  the 
middle,  which  is  a  fpan  broad,  confifts  of  a 
brownifh  marble,  and  reprefents  the  woody  part 
of  the  tree ;  this  is  furrounded  with  a  blea  and 
bark,  and  even  with  old  bleas  of  different  co¬ 
lours,  which  are  diftinguifhed  by  fix  concen- 
trical  circles,  two  or  three  lines  thick,  whofe 
fibres  proceed  from  the  centre  to  the  circum¬ 
ference  thefe  marble  trunks  feem  to  have  ve- 
gitated,  and  perhaps  flill  continue  to  vegitate 
for  befides  that  there  fall  no  drops  of  water 
in  this  place,  ’tis  inconceivable  that  any  fuch 
drops  failing  25  or  30  fathoms  high,  fhould 
have  been  able  to  form  regular  cylinders,  termi¬ 
nated  uniformly  domewife.  In  the  fame  grotto 
to  the  left  hand  we  find  a  pyramid  more  fur- 
prifing  than  any  thing,  it  is  24  feet  high  in- 
fulated,  and ,  made  like  a  tiara,  being  adorn’d 
with  feveral  capitals  in  relievo,  which  are  fluted 
lengthwife,  and  fuftain’d  on  their  pedeftals.  This 
pyramid,  whofe  bafe  is  12  or  15  feet  broad, 
is  all  full  of  enrichments,  the  tops  whereof  are 
bigger  than  the  bottoms  and  it  may  be  obferved 
that  their  branches,  like  thole  of  cabbage  flowers, 
Ihoot  from  below  upwards,  and  terminate  in 
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large  dufters ;  ’tis  next  to  impoflible  all  this 
fliould  be  perform’d  by  the  drop  of  falls  of  wa¬ 
ter,  where  the  laft  would  always  cover  the  work 
of  the  firft. 

'  What  has  been  faid  concerning  the  generation 
of  ftones,  may  be  extended  to  metals ;  *tis  ^ 
very  probable  thefe  bodies  are  likewife  propa¬ 
gated  by  their  feveral  germs ;  nor  will  this  con- 
jedture  be  thought  too  daring  by  fiich  as  will  ob- 
ierve  this  natural  vegetation  of  pure  gold,  which 
has  fhot,  in  manner  of  foliages,  thro’  a  hard, 
as  it  were,  chryitallized  (lone  ;  there  likewife 
prefents  you  a  piece  of  filver,  which  fpringing 
of  it  felf  thro’  a  piece  of  chryfta],  fubdivides 
into  feveral  threads,  all  of  which  catch  upon 
pieces  of  the  fame  chryflallization.  Another  piece 
which  I  offer  you,  feems  ftill  more  furprifing, 
being  little  germs  of  filver  inclos’d  in  a  lump 
of  marble  *,  thefe  germs  are  fhap’d  like  flat  plates, 
about  the  third  of  a  line  thick,  radiated  like 
fifhes  bones.  A  little  piece  of  copper  which  I 
likewife  lay  before  you,  has  fhot  into  branches 
in  the  ground,  as  here  you  find  it ;  ’tis  fcarcc 
poflible  to  explain  all  thefe  produdions,  by  veins 
^of  metals  running  in  the  vifcera  of  the  earth; 
nor  can  it  be  objedled  that  thefe  foliages  have 
no  determinate  figure,  and  are  only  imperfed 
vegetations ;  *let  their  name  be  what  it  will,  our 
bufinefs  here  is  to  account  for  their  generation, 
fuppofing  there  were  fluid  metals  in  the  ground, 
they  could  not  pafs  thro’  pores  of  chryftallized 
rocks,  and  thus  fhoot  into  foliages. 

The  arbor  Diana^  or  thofe  icy  branches  found 
on  the  giafs  in  a  hidden  fit  of  froft  fucceeding  a 
fog,  will  give  no  afliftance  towards  explaining 
thefe  phenomena  ;  every  body  knows  that  ’tis 
wiih  fogs  much  as  with  diflill’d  waters :  if  a 
I  piece 
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piece  of  linnen  dipt  in  cold  water  be  applied 
on  the  capital  of  a  glafs  alembic,  the  fpiri- 
tuous  parts  of  the  diftilled  matters  having  more 
motion  than  the  reft,  will  be  refleded  back 
again,  and  pafs  thro’  them  in  different  ways, 
fo  as  to  form  tolerable  ramifications ;  but  what 
imports  all  this  to  rock  chryftals,  for  inftance, 
which  line  the  fides  of  a  cavern  as  well  as 
the  top,  and  are  always  ftiaped  in  one  uniform 
manner ;  the  inftances  above  do  indeed  fiiew, 
that  all  things  which  are  naturally  figur’d,  do 
not  arife  from  any  peculiar  feeds,  but  this  is 
what  we  have  not  alledged,  and  how  fliould 
the  inftance  of  branches  on  glafs  be  applied  to 
account  for  metallic  vegetations,  will  any  one 
fay  they  are  form’d  of  vapours  rifing  in  ca¬ 
verns  ?  vapours  would  make  a  metallic  cruft  or 
ftratum,  inftead  of  leaves  of  gold  or  filver,  which 
have  feveral'  inches  projedlure,  and  whofe  roots 
penetrate  the  rock.  As  to  the  arbor  Diance^  all 
naturalifts  are  agreed  that  it  arifes  either  from 
chryftalifitions  of  particles  of  nitre,  to  which 
metallic  particles  precipitated  on  account  of  the 
weaknefs  of  their  diffolvent  faffen  themfelves, 
or  from  the  effects  of  mercury,  which  by  the 
heat  it  is  agitated  with,  carries  off  the  particles 
of  the  metals  it  is  amalgumated  withal ;  our 
fubjedl  is  of  a  quite  different  nature,  the  foli¬ 
ages  1  juft  prefented  to  you  being  perfedlly 
folid,  they  are  pure  gold,  fpringing  from  a 
hard  rock,  where  nothing  like  what  paffes  in  the 
arbor  Dian^  can  be  fufpedled. 

Among  the  feeds  of  (tones  and  metals,  there 
are  fome  which  not  only  loften  by  the  juice 
of  the  earth,  but  become  quite  liquid,  and  if 
in  this  ftate  they  penetrate  the  pores  of  certain 
bodies,  they  harden  and  petrify  therein,  as  has 
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befallen  the  piece  of  fern  here  prefented,  as 
well  as  thefe'  lobfters,  which  are  turn’d  to  meer 
ftones  by  this  accident.  If  the  ftony  feeds  be 
lodged  in  the  cavities  of  certain  bodies,  they 
harden  and  aflume  the  figure  or  moulding  there^ 
of ;  thus  what  we  call canchites^  mytu- 
lites^  oftracites^  nautilites^  echinites^  are  real 
ftonek,  whofe  liquid  feeds  had  been  received 
into  the  cavities  ot  the  fhells,  called  pe^ien^  con- 
ca^  mytiilusy  oftrea.,  nnutilus^  echinus^  See.  whofe 
hsure  they  bear  in  thaife  cochlites  ;  w^e  fee 
a  piece  of  a  fnail,  and  there  are  multitudes  around 
Paris^  where  the  fhell  feems  as  it  it  had  been 
infenfibly  turn’d  to  dull  ;  when  the  feeds  of 
different  ftones  happen  to  be  mingled  together, 
they  always  retain  their  proper  charadlers  *,  thus 
the  feed  of  chryftal  produces  chryffal,  and  what 
was  intended  to  form  ftone  produces  ftone,  as 
we  may  fee  in  this  cornu  ammonis,  and  this  con- 
chit  es^  whofe  cavities  are  all  chryftallized. 

On  the  contrary,  if  thefe  liquid  feeds  be  fhed 
on  pebble  fhells  or  fand,  they  indole  thofe  bo¬ 
dies  by  degrees,  and  infinuating  between  them, 
form  a  kind  of  cement,  which  continues  grow- 
•ing,  notwithflanding  its  hardnefs,  like  other  liv¬ 
ing  ftones.  ’Tis  proffable  that  theie  rocks,  which 
are  only  clufters  of  pebbles  cemented  together, 
were  originally  form’d  by  a  multitude  of  fuch 
liquid  feeds  like  the  quarries,  which  are  full  of 
fhells,  unlefs  we  fuppofe  that  the  rocks  had  in- 
clofed  thefe  bodies  in  the  courfe  of  their  growth. 

We  alfo  find  the  feeds  of  real  ftones  in  the 
•fpawn  of  certain  fiieli  fifties,  together  with  that 
hard  folid  matter  intended  to  make  the  covers 
of  thofe  animals.  All  the  fifties  inclofed  in  fhells 
‘either  fpawn  or  lay  eggs,  but  there  are  few  of 
this  latter  kind,  and  I  know  of  none  but  the  buc- 
.  .  ..  cinunij 
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clnum,  which  is  reputed  oviparous ;  be  this  as  ic 
will,  the  feeds  both  of  the  one  and  the  other  muft 
contain  the  matter  of  the  (bell,  how  hard  and 
thick  foever  it  may  afterwards  become,  as  much 
as  the  feed  of  an  elephant  includes  all  the  folrd 
maffive  bones  thereof.  There  is  a  kind  of  fliell 
called  pholas,  never  found  but  in  the  cavities  of 
pebbles,  which  cavities  are  of  the  fize  proper  to 
receive  them ;  yet  it  is  hardly  conceivable  that 
thefe  fifhes  fhould  have  come  and  dug  their  cells, 
we  rather  fuppofe  that  the  ftones  they  are  inclo- 
fed  in  were  once  foft,  and  that  the  kind  of  jelly 
they  began  withal  was  found  in  the  fpawn,  as  the 
matter  which  afterwards  becomes  the  egg-fhell, 
is  found  in  the  firfl  feed  thereof  ;  and  certainly 
the  Ihell  of  an  oftrich’s  egg  is  incomparably 
harder  than  the  rocks  we  are  fpeaking  of. 

After  all  the  obfervations  hitherto  rehears’d, 
we  may  fuppofe  the  feed  of  ftones  and  metals 
to  be  a  kind  of  duft,  which  perhaps  feparates 
from  the  ftones  and  metals  while  they  are  yet 
alive,  that  is,  while  they  grow,  as  we  have  found 
that  fome  of  them  do  really  grow.  This  feminar 
duft  of  ftones  may  be  compar’d  to  the  feeds  of 
feveral  plants,  for  inftance,  thofe  of  ferns,  ca¬ 
pillaries,  molfcs,  truffles,  and  the  like,  whofe  feeds 
were  never  yet  difcoverable  by  a  microfcope; 
yet  thefe  feeds  propagate  as  well  as  the  largeft, 
and  pebbles  may  perhaps  be  among  ftones,  what 
truffles  are  among  plants.  This  notion  is  not  quite 
new  *,  aftures  us,  that  Mutianus  and  '‘theo- 

fhraftus  believ’d  that  ftones  produced  other 
ftones ;  arid  Gregory  Nazianzen  allures,  that 
there  were  fome  authors  who  held  that  ftones 
made  love. 

How  many  fiffles  are  there,  whofe  fpawns 
are  at  leaft  as  fmall  as  grains  of  fand?  yet 

the 
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the  naturalifts  allow  that  whole  fifhes  are  couch’d 
in  miniature,  in  the  germs  of  thefe  grains  of 
fand  ;  the  bufinefs  here  therefore  is  only  as  to 
more  and  lefs,  and  who  doubts  but  that  the 
author  of  nature,  who  has  inclos’d  the  huge 
fifli  narwel,  called  the  fea  unicorn,  which  is  up¬ 
wards  of  20  feet  long,  in  the  germ  of  an  egg 
a  of  a  line  big,  may  not  have  inclos’d  a  bank 
of  ftone,  in  a  germ  no  bigger  than  a  grain  of 
fand.  Nothing  fhews  the  grandeur  of  the  deity 
more,  than  this  fimplicity  and  uniformity  found 
in  the  production  of  all  bodies  5  what  can  be 
more  glorious  than  to  fee  men,  fifhes,  birds, 
quadrupeds,  reptils,  plants,  {tones,  and  metals, 
all  fpring  from  infenfible  molecules?  And  as 
there  are  (tones  which  evidently  grow  by  an 
inward  principal,  depending  intirely  on  their 
particular  organization,  which  receives  and  diftri- 
butes  the  juice,  furnifh’d  them  by  the  common 
mother  of  all  creatures,  why  may  we  not 
admit  the  fame  principal  in  the  other  foffils  ? 
not  that  we  are  to  conceive  the  largeft  moun¬ 
tains  as  only  confifting  of  a  fingle  piece  *,  thofe 
huge  maffes  of  rocks  are  ufually  compofed  of 
a  multitude  of  feparate  blocks,  which  were  pro¬ 
duced  by  fo  many  germs,  or  perhaps  by  feveral 
germs,  which  had  blended  together  as  they  grew. 
Banks  of  (tone  are  commonly  horizontal,  and 
thofe  which  are  vertical  or  oblique,  ’tis  probable 
are  only  render’d  fuch  by  fome  extraordinary 
fliock  ;  we  may  fuppofe  that  it  is  the  prefTure 
of  the  atmofphere,  which  bearing  equally  on  the 
furface  of  the  earth,  makes  the  growing  feeds 
always  fpread  horizontally. 
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IX.  An  efimate  of  the  power  necejjary  to 
,  move  .boats ^  both  in  ftagjiant  and  running 
waters  ^  either  by  a  rope^  or  by  oars^  or 
any  other  machine  ;  by  M,  de  la  Hire 
TCranflated  by  Mr,  Chambers. 

;  The  power  nccelTary  to  tow  a  boat  in  ftagnant 
water  by  a  rope  faftened  thereto,  and  pulled  by 
a  perfon  on  the  fhore,  is  the  fame  as  is  required 
merely  to  hold  or  fullain  the  boat  in  a  running 
water,  whofe  velocity  is  the  fame,  as  that  where¬ 
with  the  boat  is  towed  in  the  ftagnant  one. 

This  propofttion  is  felf-evident ;  by  reafon  the 
impulfe  or  refiftance  of  the  water  againft  the  boat, 
is  the  fame  in  both  cafts. 

But  it  is  Jikewife  the  fame,  either  to  tow  a  boat 
in  a  dormant,  or  to  hold  it  in  a  current  water,  tho* 
the  power  be  placed  in  the  boat  itfelf,  and  a6l  by 
a  rope  faftened  to  fome  fixed  point,  fuppofing 
the  velocity  of  the  water  impinging  on  the  boat, 
to  be  equal  in  both  cafes. 

To  determine  the  power  necelfary  to  this  ef- 
fe6t,  we  muft  know  the  furface  of  the  boat, 
which  is  prefented  to  the  diredlion  of  the  motion 
of  the  water  ;  and  the  velocity  wherewith  either 
the  boat  is  pulled,  or  the  water  runs. 

What  is  known  of  the  nature  of  water  and  of 
motion,  we  here  fuppofe  as  principles  to  build  on  : 
as, 

I.  That  heavy  bodies  in  falling  any  given 
height,  acquire  thereby  a  velocity,  which  uni¬ 
formly  continued,  would  carry  them  double  the 
fpace  in  the  fame  time  that  their  accelerated 
velocity  has  carried  them. 

*  Nov.  22,  1702. 
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2.  That  thefe  velocities  arc  in  ar  ifubduplicate 
ratioy  that  is,  are  to  each  other,  as  the  fquares  of 
the  fpaces  they  paffed  thro’  in  falling. 

3..  That  the  fame  laws  of  motion  obtain  in  fluid 
bodies,  as  in  folid  ones. 

’  4.  That  a  heavy  body  falling  with  an  accelera¬ 
ted  velocity,  moves  14  feet  in  a  fecond  of  time. 

Hence  we  learn,  that  water,  after  falling  14 
foot  high,  will  have  acquired  a  velocity  thereby, 
which  would  carry  it  28  feet  in  a  fecond  of  time; 
and  confequently  that  water,  iflliing  from  the  a- 
pertureof  a  tube  14  feet  below  the  level  of  the 
water  of  a  refervoir,  has  a  velocity  which  will 
carry  it  with  an  uniform  motion,  the  fpace  of  28 
foot  in  a  fecond  of  time. — Which  property  of  wa-  , 
ter  is  confirmed  by  all  experiments. 

From  an  experiment  made  in  the  middle  of 
the  river  Seine^  and  the  moflr  rapid  part  thereof, 
M.  Marioite  found,  that  it  ran  i  3  feet  4  in  a  fe¬ 
cond  of  time.  From  a  fecond  experiment,  made 
in  the  fame  place,  to  learn  the  force  of  the  wa¬ 
ter  in  that  velocity ;  by  making  it  ftrike  or  pufli 
againfl:  a  thin  plate  36  inches  in  furface,  he 
found  the  fame  equivalent  to  a  weight  of  3 
pound  and 

From  thefe  experiments,  together  with  the 
principles  above  laid  down,  may  feveral  confe- 

quences  be  reduced. - For  flnee  a  heavy  body 

falling  14  foot  in  a  fecond  of  time,  acquired  a 
velocity  thereby  capable  of  carrying  it  in  the  fame 
time,  with  a  uniform  motion,  the  fpace  of  28 
feet :  fuppole  A  D  the  height  of  a  refervoir  14 
feet,  the  water  muft  fpring  out  in  D,  with  a  ve¬ 
locity,  which  uniformly  continued,  would  carry 
it  2  8  feet  in  a  fecond  of  time,  And  fuppofe  it  were 

*  Plate  XVII.  Fig.  2. 
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enquired,  what  height  the  refervoir  A  B  mufi: 
have,  that  the  water  in  B  may  fuftain  3  pounds  ^ 
under  a  furface  of  36  inches,  or  ^  of  a  foot  ?  It 
will  be  found,  that  taking  17  pounds  for  the 
weight  of  a  cubit  foot  of  water,  AB  need  only  be^ 
the  height  of  3 1  lines,  or  2  inches  7  lines  nearly. 

The  fame  lines  AD,  and  AB,  being  fuppofed 
together  with  the  velocity  in  D,  fuch  as  above 
determined  •,  I  fay, 

I.  Rule  for  finding  the  velocity  of  water  from  the 
height  of  the  refervoir. 

That  the  root  of  AD,  is  to  the  root  of  AB,  as 
the  velocity  in  D  to  the  velocity  in  B ;  or  which 
is  the  fame  thing,  AD  is  to  AB,  as  the  fquare  of 
the  velocity  in  D  to  the  fquare  in  the  velocity  in 

B. 

And  in  our  inftance,  we  fhall  have  14  feet,  or 
2016  lines,  a  conftant  number  ;  orelfe  18  to  3  c 
lines  :  as  784,  which  is  the  fquare  of  28  feet, 
that  the  water  in  D  is  to  run  in  a  fecond,  and 
which  will  be  alfo  a  conftant  number,  or  even  7 
to  12,  and  fomewhat  more,  which  will  alfo  be 
the  fquare  of  the  fpace,  which  the  water  is  to 
move  in  a  fecond  in  its  fall  from  A  to  B. 

But  the  fquare  root  of  12,  is  fomewhat  lefs 
than  3|-,  which  therefore  is  the  way  in  feet  that 
water  moving  uniformly  will  pafs  in  a  fecond  of 
time,  under  the  given  depth  of  AB  below  the  le¬ 
vel  of  the  refervoir. 

Hence  we  advance,  that  water  running  in  wa¬ 
ter  itfelf,  has  the  fame  velocity,  as  if  iftliing  at 
an  aperture  at  a  certain  depth  below  the  furface  of 
a  refervoir,  which  is  determinable  by  the  ftroke 
or  impulfe  of  the  water  againft  an  oppofing  body  : 
which  is  a  piece  of  knowledge  of  great  confe- 
quence,  for  afeertaining  the  motion  and  impulfe 
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of  waters,  which  run  at  large,  and  unconfined  by 
any  obftacle.  By  means  hereof  we  may  learn , 
the  different  efforts  or  impulfes  of  the  water  againfl: 
floating  mufcles,  and  of  confequence  the  ftrength 
required  to  hold,  e.  gr,  a  boat  in  running  water,, 
or  mak^e  it  proceed  either  in  Handing  or  running 
water  ;  the  velocity  of  the  water  againfl  the  boat  in 
the  feveral  cafes  being  given,  fuch  power  being 
reducible  to  that  required  to  fuflain  a  load  of  wa¬ 
ter  at  a  certain  depth  below  a  refervoir,  deter¬ 
minable  by  the  velocity  propofed. 

But  in  examining  the  refiftance  of  the  water  a^ 
gainfl  a  boat ;  in  lieu  of  a  boat  we  fuppofe  a 
plain  furface  perpendicular  to  the  flream  or  cur¬ 
rent  of  w'ater  ;  which  will  amount  to  much  the 
fame  as  that  irresfular  furface,  which  the  boat 
prefents  thereto. 

Suppofe  then,  a  furface  immerged  vertically 
in  a  running  water,  the  current  whereof  ftrikes 
dire6lly  againfljlie  fame,  and  that  in  the  middle 
thereof,  a  cord  is  faflened,  whofe  other  extreme  is 
hung  on  a  fixed  point  G  Here  it  is  evident, 
the  force  wherewith  the  water  impels  or  ftrikes 
againfl  the  furface  B,  is  the  fame  as  that  where¬ 
with  the  fixed  point  G  is  pulled  or  drawn :  by 
reafon  the  whole  refiftance  of  the  furface  B,  to 
the  current  of  water  is  derived  originally  from  this 
fixed  point,  without  which  there  would  be  no 
refiftance  at  all. 

To  find  what  this  power  is,  the  furface  B,  as 
alfo  the  velocity  of  the  water,  or  the  way  it 
makes  in  a  fecond  of  time  being  given,  we  muft 
ufe, 

*  fig-  3' 
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2.  Rule  for  finding  the  force  of  water^  from 

velocity. 

Take  the  fquare  of  the  number  of  feet  the  wa¬ 
ter  moves  in  a  fecond  of  time,  and  divide  it  by 
56,  which  is  a  conftant  number,  and  obtains  in 
all  cafes  ;  the  quotient  will  be  the  number  of  feet, 
which  the  water  muft  be  fuppofed  above  the  given 
furface,  to  find  the  effort  or  impulfe  thereof.  For 
multiplying  tliis  height  by  the  given  furface,  the 
produ6t  is  the  cubic  or  folid  bulk,  which  will  be 
fuftained  thereby,  which  is  the  force  required. 

Now  for  every,  cubic  foot  we  are  to  take  i  7 
pounds  ;  and  for  every  cubic  inch  5  drams  iH°s> 
tho’  in  ordinary  computations,  it  may  fuffice  to 
take  5  drams  4,  which  amounts  to  nearly  17 
pounds  the  foot,  which  number  we  fhall  keep  to 
in  what  follows. 

If  the  velocity  be  given  in  inches,  and  the  fquare 
thereof  be  divided  by  56,  the  quotient  will  be  the 
number  of  lines  which  the  water  is  to  be  above 
the  propofed  furface. 

To  demonftrate  the  rule,  it  has  been  already 
noted,  that  the  velocity  of  water  iffuing  at  an  a- 
perture  14  feet  below  the  furface  of  a  refervoir, 
is  fuch  as  carries  it  28  feet  in  a  fecond  of  time, 
and  confequently  the  fquare  of  the  velocity  of  28 
feet,  is  to  the  fquare  of  the  number  of  feet,  which 
will  be  moved  in  a  fecond,  with  the  propofed  ve¬ 
locity  ;  as  the  height  of  the  refervoir,  14  feet,  is 
to  the  height  required  :  or  thus ;  the  fquare  of  the 
velocity  of  28  feet  is  to  the  height  of  14  feet, 
(which  is  a  conftant  ratio  in  all  cafes,  and  is 
the  fame  as  56  to  i  )  as  the  fquare  of  the  feet 
moved  with  the  propofed  velocity,  to  the  re¬ 
quired  height  of  the  water,  in  feet.  But  if  in 
lieu  of  feet,  you  take  the  given  velocity  in  inches. 
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the  number  muft  then  be  divided  by  56,  multiplied 
by  12,  to  have  the  inches  dividing  only  by  56, 
the  quotient  will  be  but  twelfths  of  inches,  i.e,  lines. 

Suppofe,  for  an  example,  a  velocity  of  water 
propofed  to  be  fuch  as  carries  it  6  feet  in  a  fe- 
condof  time.  The  fquare  of  6  is  36,  which  di¬ 
vided  by  56,  gives  jf  or  of  a  foot ;  amount¬ 
ing  to  92  lines  |,  or  7  inches,  8  lines  for  the 
height  of  water  above  the  propofed  Surface.  And 
the  fame  arifes  upon  fuppofing  72  inches  velocity 
in  lieu  of  6  feet. 

Now,  if  the  propofed  furface  be  36  inches 
fquare,  that  number  muft  be  multiplied  by  the 
height  found,  which  will  give  a  folid  bulk  of  277 
inches  and  a  weight  of  480  drams,  or  ii 
pound,  9  ounces  of  water:  the  quantity  of  the 
effort  or  impulfe  of  the  water  againft  the  furface 
propofed. 

It  follows  hence,  that  if  the  furface,  which  a 
boat  prefents  to  the  current  of  water,  be  one  fa¬ 
thom  or  36  feet,  which  is  144  times  more  than 
that  of  the  foregoing  inftance,  and  the  velocity  of 
the  water  the  fame,  /.  e,  moves  6  feet  in  a  fe- 
cond ;  there  be  a  power  required  144  times 
greater  than  the  above  power  of  1 1  pound,  9 
ounces,  which  will  amount  to  1665  pounds.  Such 
power  therefore  of  1 665  pounds,  vi/ill  be  required 
to  hold  or  retain  a  boat  of  the  magnitude  here 
fuppofed,  in  a  water  that  runs  at  the  rate  of  6 
feet  in  a  fecond. 

If  the  water  only  make  4  feet  in  a  fecond, 
(which  may  be  the  velocity  of  the  Rhone,  there 
being  no  ordinary  river  that  runs  fo  faft  as  6  feet 
in  a  fecond)  and  the  boat  be  fuppofed  to  run  a- 
gainft  the  ftream  at  the  rate  of  2  feet  in  the  fame 
time  j  it  follows,  that  the  water  will  ftrike  againft 
the  boat  with  a  velocity  of  6  feet  in  a  fecond  ;  fo 
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that  on  this  fnppofition  a  power  of  1665  pounds 
will  be  required. 

An  ejlimats  of  the  ftrength  of  horfes  employed  in 
towing  or  drawing  barges^  hoatSy  and  other 
hodtesy  either  in  running  or  funding  waters. 

A  large  barge  on  the  river  SeinCy  prefents  about 
three  fathoms,  or  108  feet  fur  face  to  the  ftream 
of  water,  which,  taking  it  about  the  middle  of 
the  river,  may  be  computed  to  move  at  the  rate 
of  2  feet  i  in  a  fecond  of  time ;  1 2  horfes  yoaked 
to  fuch  a  veifel  tow  it  againft  the  ftream  at  the 
rate  of  i  foot  |  in  a  fecond ;  which  amounts  to 
900  fathom  in  an  hour,  and  9000  fathom,  or  4 
leagues  in  10  hours  ;  the  fpace  of  time  the  horfes 
are  able  to  work  per  day. 

Now  on  a  fuppofition,  that  the  ftream  of  water 
runs  2  feet  |  in  a  fecond,  and  that  the  barge  rifes 
againft  it  at  the  rate  of  1  foot  \  in  the  fame  time, 
the  velocity  of  the  water  impinging,  or  ftriking 
on  the  barge,  may  be  raifed  at  4  feet  in  a  fecond  ; 
agreeably  now  to  the  foregoing  rule,  the  fquare  of 
4  feet,  or  48  inches,  being  2304*,  this  divided  by 
56,  yields  41  f,  the  height  of  the  water  in  lines 
amounting  to  3  inches,  5  lines  j.  This  height, 
therefore,  multiplied  by  the  furface  of  the  barge 
108  feet,  yields  26  cubic  feet  j  of  water  very 
nearly.  So  that  fuppofing  the  cubic  foot  of  wa¬ 
ter  to  weigh  72  pounds,  we,  (hall  have  1896 
pounds  for  the  quantity  offered,  required  to  tow 
the  barge  in  the  prefent  cafe  ;  confequently  each 
horfe  muft  fuftain  an  effort  of  158  pounds,  on 
the  fuppofition  of  its  walking  one  foot  |  in  a  fe¬ 
cond. 

What  is  here  fhewn  of  a  running  water  will  hold 
equally  of  a  ftanding  water  y  fuppofing  the  barge 
to  be  towed  therein  at  the  rate  of  4  feet  in  a  le- 

epnd. 
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cond,  the  velocity  of  the  water  ftriking  againffc 
the  barge,  being  the  fame  in  both  cafes. 

And  further  it  will  be  the  fame  (till,  if  you  fup- 
pofe  fonie  fixed  point,  either  in  a  running  or 
Handing  water ;  and  that  the  barge  being  fattened 
thereto  by  a  rope,  is  pulled  towards  the  fame  by 
a  power  placed  in  the  barge  itfelf.  For  the  bufi- 
nefs  here,  is  only  to  overcome  the  rettttance  of 
the  water  ttriking  againft  the  barge  with  a  certain 
velocity,  which  determines  the  quantity  of  the 
power.  ‘ 

But  of  all  the  various  ways  of  applying  a  power 
to  a  machine,  in  order  to  pull  a  body  by  a  rope, 
’tis  certain,-  there  is  none  whereby  any  thing  can 
be  gained.  For  if  the  power  be  fmall,  it  will 
pull  the  body  fattened  to  the  rope  the  more  flow- 
ly  ;  if  great,  the  more  fwiftly,  and  fuppofing  the 
fame  power  to  be  employed,  the  motion  will  al¬ 
ways  be  in  proportion  to  the  time. 

We  now  proceed  to  the  motion  of  boats,  and 
other  veflels  rowed  with  oars  :  but  by  the  way,  it 
may  not  be  amifs  to  note,  that  all  ftrength  arifes 
from  fome  refittance,  as  may  be  feen  in  levers  : 
for  if  you  pull  one  end  of  a  lever  kept  fatt  by  the 
other  end,  the’  effort  you  make  on  the  middle 
parts  of  the  lever,  is  derived  wholly  from 
the  refittance  of  the  part  where  the  lever  is  fixed. 
It  being  evident,  that  if  this  end  was  not  fixed, 
you  could  make  no  effort  on  the  middle  of  the 
lever,  by  any  power  applied  to  the  other  end. 
In  like  manner,  if  you  pull  a  rope,  in  order  to 
move  a  weight  fattened  thereto,  you  will  not  ttir 
it  in  the  leatt,  whatever  power  you  employ,  o- 
therwife  than  by  an  effettt  arifing  from  the  fixed 
points  where  you  ttand  ;  and  you  exert  an  equal 
power  to  pufii  that  fixed  point  towards  the  body, 
as  to  pull  the  body  towards  the  fixed  point. 

3  vSuppofe 
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''  Suppofe  now  two  boats  in  a  ftanding  water, 
and  let  one  of  them  have  a  rope  faftened  to 
it  by  one  of  its  ends,  the  other  end  being  pulled 
by  a  power  placed  in  the  other  boat.  Here 
the  power  pulling  the  rope  makes  an  equal 
effort  to  pulh  from  it  the  boat  wherein  it  is, 
as  to  pull  toward  it  the  other,  to  which  the 
rope  is  faftened ;  fuppofing  the  diredlion  of  the 
power  to  be  the  fame  as  that  of  the  rope:  In 
confequence  whereof,  the  two  boats  muft  approach 
equally  to  each  other  ;  and  if  the  effort  of  the 
power  be  given,  as  alfo  the  furface  of  the  boats 
immerged  in  water,  the  velocity  of  their  appulfe 
may  be  determined.  But  in  regard  the  fame 
effort  is  made  on  both  boats,  to  pull  the  one  and 
pufh  the  other,  the  quantity  of  water  which  de¬ 
termines  or  meafures  fuch  effort,  would  be  the 
fame  for  the  motion  of  each,  and  confequently 
the  heights  of  water,  as  in  the  cafe  of  refer- 
voirs,  which  would  produce  this  effort,  would 
be  to  each  other,  in  the  reciprocal  ratio  of  the 
furfaces  of  the  boats,  prefented  to  the  motion  ; 
but  the  roots  of  thele  heights  give  the  velocity, 
and  therefore  the  velocity  of  the  boats  would  be 
to  each  other  in  the  reciprocal  ratio  of  the  roots 
of  the  furfaces  of  the  boats. 

After  the  like  manner,  if  the  velocity  of  the 
boats,  together  with  the  furfaces,  were  given,  the 
effort  of  the  power  that  would  move  them  might 
be  determined  *,  one  inftance  or  two  will  make 
this  propofition  clear. 

•  Suppofe  two  boats  in  a  ftanding  water,  and 
let  the  furface  of  one  of  them  be  16  feet,  and 
that  of  the  other  64  :  I  mean  only  the  furfitces 
prefented  to  the  motion,  or  which  are  diredtly 
oppofite  one  to  the  other.  If  the  boat  of  16 
feet  furface,  either  puflied  or  pulled,  with  a  force 

Vol.LN^^.  II.  Ill  equal 
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equal  to  that  which  pufhes  or  pulls  the  other  of 
64  feet,  the  powers  which  pufh  thofe  furfaces  may 
be  confidered  as  2  folid  parallel  epipeds  of  water, 
equal  to  each  other,  confequently  their  heights 
will  be  reciprocally  as  their  furfaces,  whatever 
the  quantity  of  thefe  folids  may  be.  But  we 
have  demonftrated,  that  the  velocities  of  the  boats 
will  always  be  as  the  roots  of  the  heights  of  the 
folids  of  water;  and  confequently  the  velocity  of 
that  of  16  feet  furlace,  will  be  8,  the  root  of 
64,  and  the  velocity  of  that  of  64  feet  furfltce, 
will  be  4,  the  root  of  1 6. 

Thus  let  what  powers  foever  be  employed  to 
move  the  boats,  the  velocity  of  the  boat  of  64 
feet  furface,  being  exprefs’d  by  8,  the  other  of 
16  feet  furface,  will  advance  with  a  velocity 
exprefs’d  by  4,  which  is  the  ratio  of  2  to  i  — 
Hence, 

If  the  boat  of  64  feet  furface  move  with  a 
velocity  which  would  carry  it  two  feet  in  a  fe- 
cond,  that  of  16  feet  furface  will  move  with  the 
velocity  of  4  feet  in  a  fecond. 

But  thefe  velocities  being  given,  the  effort  ne- 
ceffary  to  make  the  two  boats  move  towards  a 
fixed  point,  placed  between  them  in  the  line 
of  their  motion,  may  be  determined  by  the  rule 
above  laid  down.  For  fuppofe  the  boat  of  16 
feet  to  have  a  velocity  of  2  feet,  or  24  inches  in 
a  fecond,  its  fquare  will  be  576,  which  divided 
by  56,  gives  lo  f,  the  height  of  the  water  above 
the  furface  of  the  boat  in  lines,  which  gives  the 
effort  required  for  taking  72  pounds  for  a  foot 
of  water,  we  have  82  pound  very  nearly  for 
the  power  required  to  move  this  boat  2  feet  in 
a  fecond,  as  was  fuppofed. 

But  fince  the  velocity  of  this  boat  of  16  feet 
furface,  is  to  be  to  the  velocity  of  the  other  boat. 
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as  two  to  one ;  the  fame  calculus  muft  be  made 
for  the  other,  by  dividing  the  fquare  of  one  foot, 
or  12  inches,  by  56,  and  multiplying  the  quo¬ 
tient,  which  is  the  height  of  water  in  lines,  by 
the  furface  of  the  boat,  the  produdf  gives  the 
fame  82  pounds,  for  the  power  required  to  move 
this  boat  the  fpace  of  i  foot  in  a  fecond.  The 
two  boats  therefore  will  be  each  moved  with  the 
fame  force  of  82  pounds,  by  one  (ingle  power, 
and  will  approach  each  other  3  feet  in  a  fe¬ 
cond,  one  of  them  moving  2  feet,  and  the  other 
I  foot. 

But  as  in  the  prefent  example,  we  have  only 
one  power  of  82  pounds,  which  being  placed 
,  in  a  boat,  pulls  a  rope  to  which  another  boat 
is  faflened,  it  follows,  that  this  power  will  ga¬ 
ther  three  feet  of  rope  in  a  fecond,  whereas  with 
the  fame  power,  one  of  the  boats  being  fuppos’d 
immoveable,  we  (liould  only  gather  the  quantity 
of  rope  aniwering  to  the  motion  of  the  other 
boat ;  for  it  is  not  the  quantity  of  rope  we 
gather,  that  determines  the  effort  to  motion,  as 
is  eafy  to  be  obferved  *,  for  that  if  there  was 
nothing  faften’d  to  the  rope,  we  (liould  gather 
it  as  fail  as  v/e  pleas’d,  without  making  any 
effort  at  all  ;  fuppofing  the  rope  void  of  weight, 
as  is  here  done. 

If  any  doubt  remain,  as  to  what  we  have  faid 
of  the  greater  or  leffer  quantity  of  rope  gather’d, 
not  having  any  effeft  towards  diminilhing  or 
augmenting  the  effort,  you  need  only  attend  to 
what  befalls  the  weights  A,  B,  and  F,  two  of 
which  A  and  B,  arc  fiffen’d  to  the  two  ends  of 
a  rope,  which  pailes  over  two  pullies  C  and  D, 
and  fuftains  a  third  pully  E,  to  which  is  hung 
the  weight  F  •,  for  whether  you  raife  or  lower  the 
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weight  A,  the  weight  F  will  have  the  fame  effect 
on  the  weight  B,  tho’  F  rifes  or  falls. 

Perhaps  a  clearer,  idea  of  what  we  have  faid, 
in  relation  to  the  effort  of  a  power  pulling  a 
boat,  may  be  formed  by  confidering  it  in  a 
machine.  Im^igine  therefore  two  furfaces  ^  A 
and  B,  immerged  perpendicularly  in  a  {landing 
water,  and  conceive  a  little  pully  D  faften’d  in 
the  middle  of  the  furface  B,  with  its  plane  per¬ 
pendicular  to  the  plane  of  the  furface  B,  the  axis 
of  the  pully  being  laid  horizontally  on  the  fame 
furface  B  ;  if  now  a  rope  be  faftened  to  the 
middle  of  the  furfice  A,  and  pafs  horizontally 
over  the  pully  D,  and  afterwards  fuflain  a  weight 
E,  ’tis  evident  this  weight  E  will  make  two 
efforts  at  the  fame  time,  each  equal  to  the  whole 
weight,  one  to  puli  the  furface  A,  and  the 
other  to  pufh  the  furface  B;  and  further,  thefe 
efforts  will  be  the  fame,  whether  one  of  the  fur- 
faces  be  moveable  or  both  ;  with  this  difference, 
that  in  the  cafe  of  only  one  moveable  furface, 
the  weight  will  defeend  a  fpace  equal  to  the  mo¬ 
tion  of  fuch  furface ;  whereas,  if  both  be  move¬ 
able,  it  will  defeend  a  fpace  equal  to  the  mo¬ 
tion  of  both  together - For  we  here  overlook 

that  little  acceleration  the  weight  will  have  at 
the  beginning  of  its  defeent  ;  fince  it  can  only 
defeend  fo  lar  as  the  furfaces  moves  along  the 
water.  Befides,  in  the  prefent  comparifon  of  a 
weight  to  a  power,  the  acceleration  of  the  weight 
is  not  concern’d,  by  reafon  the  power  to  which 
the  weight  is  compar’d,  has  no  acceleration  ;  and 
for  the  like  reafons  we  difregard  the  fridlion  of 
the  pully  on  its  axis,  and  the  refiftance  arifing 
from  the  fliffnefs  of  the  rope. 

*  fig.  5- 

Hence 
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Hence  we  learn,  that  whatever  velocity  a  fall¬ 
ing  weight  may  have,  its  adion  depending  on  its 
weight,  will  have  the  fame  effed  on  both  fur- 
faces,  and  either  pull  or  pulh  them  alike  :  fince 
it  cannot  ad  on  one  of  them  to  pull,  without  ad- 
ing  at  the  fame  time  on  the  other  to  pufh  it. 

And  the  cafe  would  be  the  fame,  if  a  power 
fupported  on  any  fulcrum^  or  fixed  body,  were 
to  lift  perpendicularly  a  weight  faflened  thereto, 
for  whether  the  power  only  fuflained  the  weight, 
or  whether  it  raifed  flowly  or  quickly  ;  the  fuU 
crum  would  have  the  load  of  this  weight,  befides 
that  of  the  power.  Suppofing  the  medium^  where¬ 
in  the  weight  is  raifed,  makes  no  refiftance. 

This  fort  of  mechanifm  is  quite  different  from 
that  of  bodies  faflened  to  the  arm  of  a  lever, 
where  the  weight  of  the  body  and  the  fpace  it  is 
able  to  pafs  thro’,  being  multiplied  by  each  other, 
yield  a  quantity  of  motion  to  be  confidered  in 
order  to  find  the  reciprocal  effort  of  thofe  bodies, 
and  deduce  the  balance  thereof.  But  here  we  are 
confidering  bodies  in  an  uniform  and  continued 
motion,  without  any  effort  of  percuffion. 

There  are  alfo  different  kinds  of  motions  to  be 
confidered  in  bodies  im merged  in  water  :  as  if  a 
furface  ^  A  be  immerged  perpendicularly  in  wa¬ 
ter,  and  to  the  middle  thereof  B  a  rope  be  faflened, 
which  paffing  over  the  pully  F,  is  turned  back  to 
D,  where  a  power  is  applied.  Here  it  is  evident, 
that  the  power  pulling  the  rope  in  D,  and  in  fo 
doing  pufhing  the  furface  A,  exerts  the  fame 
force  to  pufli  the  furface  towards  P,  as  to  pull  it 
towards  P,  and  confequently  the  furface  A  is  im¬ 
pelled  towards  P,  with  a  force  double  to  that  of 
the  power. 

*  fig.  6. 
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Note  alfo,  that  in  this  dirpofition  of  machines 
a  weight  might  be  applied  in  lieu  of  a  power,,  by 
fitting  a  little  pulley  in  the  furface  A,  and  paffinga 
rope  over  the  fame  to  which  a  weight  is  faftened. 

Hence  appears  the  great  advantage  of  this  me¬ 
thod  of  application,  fince  in  virtue  hereof  one  and 
the  fame  power  placed  in  the  boat  has  an  effedt 
double  of  what  it  would  have  in  walking  on  the 
ground,  and  thus  pulling  the  boat  ;  or  even  of 
what  it  would  have,  tho’  placed  in  the  boat,  but 
ib  as  to  pull  a  rope  faftened  to  a  fixed  point,  in 

order  to  make  the  vefiTel  advance  thereto. - 

Indeed  this  power,  which  is  only  |  of  the  other, 
muft  move  double  the  fpace  of  that  other  in  the 
fame  time:  but  fuch  excefs  of  the  fpace  of  the 
power  is  not  to  be  confidered  as  an  augmentation 
of  force,  as  has  been  already  obferved. 

We  fee  alfo,  that  this  way  of  applying  a  power, 
by  a  returning  pully,  amounts  to  the  fame,  as  the 
2. boats  made  to  approach  one  another*,  tho*  in 
that  cafe,  the  power  is  applied  to  2  furfaces,  and 
in  this  only  to  one  *,  for  which  reafon,  if  the  fingle 
furface  be  lefs  than  the  2  others  together,  either  a 
lefs  pow'er  will  fuffice  to  give  the  fame  velocity,  or 
the  fame  powder  will  fuffice  to  give  a  greater  velocity. 

The  following  experiments  confirm  what  we 
have  advanced  concerning  the  augmentation  of 
the  power,  by  means  of  returning  the  pully ;  fear¬ 
ing  myfelf  on  a  fort  of  Hedge,  in  a  place  paved, 
with  fmooth  ftones,  I  fixed  a  rope  on  a  wail  5  or 
6  fathoms  from  me,  and  about  the  fame  height 
with  myfelf,  fo  that  the  rope  was  horizontal  *,  in 
this  difpofition  I  pulled  the  end  of  the  rope  to 
draw  myfelf,  towards  the  fixed  point  j  but  all  my 
ftrength  v/as  fcarce  able  to  make  me  advance. 
Upon  this  a  pully  was  fixed  in  the  place  of  the 
fixed  point,  over  which  I  pafted  the  rope,  then 

fiiftcn 
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fafteningone  of  its  ends  to  the'fledge,  and  pull¬ 
ing  by  the  other,  I  found  no  difficulty  in  draw¬ 
ing  myfelf  along  —  for  it  is  evident,  from  what 
has  already  been  faid,  that  only  half  the  force 
ployed  in  the  former  cafe,  was  required  here. — 

But  the  great  friction  of  the  fledge  upon  the 
pavement,  induced  me  to  make  another  more 
Ample  experiment,  to  the  fame  purpofe.— Faflen- 
ing  a  rope  to  a  high  place,  1  endeavoured  to 
clamber  up  the  fame  by  Ifrength  of  arms :  but 
finding  myfelf  too  weak  thus  to  raife  my  whole 
body  on  one .  arm,  by  holding  with  one  hand, 
and  taking  higher  hold  of  the  rope  with  the  o- 
ther,  I  faftened  a  pully  in  the  place,  where  the 
rope  was  faftened  before  *,  andpaffingthe  rope  over 
this  pully,  made  a  fort  of  ring  with  one  end  thereof, 
where  putting  my  foot,  and  pulling  the  other  end 
of  the  rope,  I  drew  myfelf  on  high  with  a  deal 
of  eafe. 

Here  it  is  obvious,  that  in  fuflaining  the  body 
by  fuch  rope  and  pully,  the  arms  only  make  half 
the  effort  which  they  muff  to  fuftain  the  body  by 
a  rope  only.  For  the  pully  in  fuch  cafe,  has  the 
effedt  of  iht  fulcrum  of  a  balance,  at  the  extremes 
of  whofe  arms  the  whole  weight  of  the  body  is 
fuftained,  but  fo  as  to  be  diftributed  equally  on 
borii  fides  ;  in  which  ftate  of  equilibrium  the  ef¬ 
fort  of  the  arms  need  only  be  half  the  weight  of 
the  body  ;  fo  that  the  fmalleft  effort  more,  e.gr.  a 
pound,  will  dilcharge  the  other  half  of  fo  much, 
upon  which  the  arms  will  furmount  the  weight 
of  the  body  by  two  pounds  *,  fo  that  gathering 
the  rope  at  the  fame  time,  the  body  will  eafily 
be  hoifted  up  the  pulley.  Hereto  we  overlook 
the  fridion  of  the  axis  of  the  pully,  and  the  o- 
ther  difficulties,  which  may  arife  on  the  part  of 
the  rope. 


As 
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As 'the  velocity  wherewith  the  body  is  raifed, 
it  depends  on  that  of  the  arms  in  gathering  the 
rope ;  nor  need  there  any  augmentation  of  power 
on  that  account,  fince  the  refiftance  of  the  medium 
is  not  increafed  thereby.  ™  Indeed  if  the  experi¬ 
ment  be  made  in  the  water,  and  the  power  be 
placed  for  inftance  in  a  boat,  where  it  pulls  a 
rope ;  which  pafTing  over  a  pulley,  has  its  other 
end  fattened  to  another  boat.  Here,  fuppofing 
the  two  boats  equal,  the  power  mutt  be  twice  as 
great,  as  would  be  required,  if  the  rope  was  faf- 
tened  to  the  fame  boat  where  the  power  is ;  by 
reafon  the  rettttance  of  the  water  againtt  the  two 
boats  is  double  of  what  is  againtt  one,  which  does 
not  hold  in  air,  the  refittance  whereof  to  any  mo¬ 
derately  flow  motion  is  too  inconflderable  to  be 
regarded.  Befides,  that  this  fame  refittance  of 
the  water  requires  an  effort  proportional  to  the 
velocity  of  the  motion. 

But  thefe  two  motions  may  be  diverfified,  and 

confidered  in  other  manners.  - -  Suppofe  a  boat 

in  a  ttanding  water  pulled  by  two  oppofite  powers, 
applied  to  two  ropes  in  the  fame  right  line,  ’tis 
evident,  that  if  the  powers  be  equal,  the  boats 
will  remain  immovable.  If  one  exceed  the  other, 
the  boat  will  approach  towards  the  fame,  and 
fuppofing  the  two  powers  given,  the  way  or  fpace 
it  will  pafs  over  may  be  determined.  For  feek- 
ing  by  the  above  rule,  that  two  velocities  belong¬ 
ing  to  the  2  powers,  the  difference  thereof  will  be 
the  velocity  wherewith  the  boat  approaches  the 
greater  power,  and  confequently  gives  the  quan¬ 
tity  of  rope  this  power  gathers,  and  the  other 
ioles.. 

What  has  been  faid  of  boats  drawn  by  ropes, 
holds  equally  of  boats,  if  the  fame  be  pufhed,  or 

fhoved 
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fhoved  directly  by  oppofite  powers,  whether 
they  be  equal  or  unequal. 

It  remains  to  (hew  the  application  of  this  doc¬ 
trine  to  the  operation  of  rowing,  i.  e.  the  motion 
of  boats,  by  means  of  oars. — ’Tis  not  eafy  to 
frame  a  fimple  machine,  which  fhall  fhew  tho 
furface  a  boat  prefents  to  the  motion  of  the  water, 
and  fit  oars  therein,  whore/^//m^;;^,  or  point  offup- 
port,  called  by  mariners  the  filling^  fliall  be  in  the 
middle  of  this  furface  :  but  it  is  more  difficult  ftilJ, 
to  apply  the  moving  power  to  the  end  of  fuch 
oars,  and  contrive  that  this  fame  power,  /.  e,  the 
rowers,  fhall  be  fuftained  precifely  on  the  mid¬ 
dle  of  this  furface.  However,  as  the  length  of 
the  boat  only  bears  a  fmall  proportion  to  the  fur¬ 
face  it  oppofes  to  the  motion  of  the  water;  it 
will  make  no  great  difference,  tho’  the  oars  be 
refted  on  the  edge  of  the  boat,  inftead  of  the  mid¬ 
dle  of  the  furface,  which  is  the  true  point  of  fup- 
porr,  or  even  tho’ the  power,  which  pulls  the  end 
of  the  oars,  do  not  adl  in  a  diredlion  perpendicular 

to  the  oar,  and  to  the  furface  at  the  fame  time. - 

For  as  to  the  diredlion  of  the  power,  there  can 
only  arife  hence  a  fmall  diminution  of  the  force 
that  a6ls  on  the  one  and  the  other,  fince  it  is  to  loe 
confidered  withal  that  thefe  diredlions  are  conti¬ 
nually  changing. 

To  bring  the  matter  to  an  eafy  calculus^  with¬ 
out  entering  into  a  long  and  intricate  difcuffion  ; 
fuppofe  *  A  the  furface,  which  the  boat  prefents 
to  the  motion,  whofe  length  we  have  no  regard  to, 
in  as  much  as  this  makes  no  effort  againfb  the 
motion  of  the  water.  To  the  middle  of  this  fur¬ 
face  is  faftened  perpendicularly  -di  fulcrum^  or  fill¬ 
ing  A  B,  upon  whofe  extreme  B,  the  oar  D  C 


*  Fig.  7, 
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bears,  whofe  broad  end  or  blade^  is  reprefented 
by  the  furface  C.  Laftly  the  power  is  fuppofed 
in  D,  pulling  perpendicularly  that  end  of  the 
Jhank  of  the  oar,  and  bearing  alfo  perpendicularly 
againft  the  power  A  of  the  furface  A.  Here  then 
it  is  evident,  that  the  power  pulling  the  end  D  of 
the  oar  towards  G,  and  bearing  againft  the  fur¬ 
face  in  A,  Will  bring  the  blade  C  towards  F*  But 
the  abfolute  power  wherewith  this  is  done,  muft 
be  reduced  to  a  relative  one,  according  to  the 
length  of  the  ai  ms  BD,  BC,  of  the  oar  confidered 
as  a  lever :  for  BC  will  always  be  to  BD,  as  the 
abfolute  power  to  the  relative  power  applied  in  C, 
to  pulli  towards  F.  But  the  fulcrum  itfelf  B,  or 
the  furface  A,  is  alfo  impelled  towards  G,  with  a 
force,  which  is  the  fum  of  the  abfolute  and  rela¬ 
tive  powers  added  together :  and,  on  the  con¬ 
trary,  the  fame  furface  A,  being  puflied  by  the 
abfolute  power  towards  B  or  F,  the  equal  and  op- 
pofite  ehbrts  deitroying  each  other,  nothing  re¬ 
mains  of  the  effort  wherewith  the  furhice  A  is  im¬ 
pelled  towards  G,  but  that  of  the  relative  power, 
which  is  the  fame  as  that  wherevi^ith  the  furface  C 
is  impelled  tow^ards  F  j  fo  that  thefe  two  efforts 
will  be  equal  in  all  cafes. 

Now  to  determine  the  velocity  of  the  motion 
of  thofe  furfaces,  the  power  being  given,  or  elfe 
the  velocities  and  the  w^ay  being  given  to  deter¬ 
mine  the  power  :  we  fliali  make  a  calculus  ac¬ 
cording  to  the  preceding  rules. 

Suppofe,  for  example,  the  furffee  A  be  8o 
feet,  and  the  power  be  loco  pounds;  i.  e,  able 
to  firifain  a  v/eight  oi  looo  pounds,-  dividing 
TOGO  by  8o,  the  quotient  i2|-  will  be  the  weight 
belonging  to  each  foot  of  the  furface  ;  and  fuppofe 
y  z  pounds,  the  weight  of  a  foot  high  of  v/ater 

under 


Royal  Academy  ^Sciences.'  443 

under  a  foot  furface,  i,  e.  a  cubic  foot  of  water, 
as  72  lb.  are  to  i2|  lb.  fo  is  i  foot,  or  144 
lines  height  of  water  under  a  foot  furface  to  2 5 
lines  height  of  water,  under  the  fame  furfice.  I 
fay  therefore  by  the  fir  (I  rule,  as  2016  lines,  a 
conftant  or  given  number  in  all  cafes  (or  elfe  as 
28  lines)  to  25  lines  height  of  water  *,  fo  is  784 
a  conftant  number  (or  elfe  7)  to  9^,  whofe  fquare 
root  is  fomev/hat  above  3  feet,  the  velocity  or 
way  the  boat  will  make  in  a  fecond  of  time.  But 
now  if  the  furface  C  be  triple  the  furface  A,  i.  e. 
be  240  feet  ;  we  fhall  find,  fuppofing  the  fame 
power  of  1000  lb.  adling  againft  the  fame  fur¬ 
face  a  quantity  of  water  \  lb.  \  for  each  foot. 
Therefore  as  72  lb.  are  to  46  lb.  j  *,  fo  are  144  lines 
height  of  water,  under  a  lurface  of  one  foot,  to 
8  lines  and  fomewhat  more  height  of  water  5 
which  is  a  third  part  of  the  height  found  for  the 
other  furface.  For  the  power  being  the  fame, 
the  heights  of  water  muft  be  reciprocally  as  the 
furfaces  ;  and  this  furface  is  fuppofed  triple  of  the 
other. 

Now  by  the  rule,  as  20 16  lines  a  conftant  num¬ 
ber  (or  even  18)  is  to  8  lines  f,  fo  are  784  a 
conftant  number  for  even  7)  to  37  nearly  ;  whofe 
fquare  root  is  i  foot  7  nearly,  which  is  the  ve¬ 
locity  of  way  the  oar  C  will  make  in  a  fecond, 
by  the  effedt  of  the  power. 

But  we  have  found,  that  the  fame  power  which 
is  always  the  relative,  with  regard  to  the  abfolute 
.power,  impells  both  the  boat  and  oar,  and  throws 
them  both  off  with  regard  to  a  fixed  point,  found 
betweeen  the  two  ;  viz.  the  boat  at  the  rate  of  3 
feet  in  a  fecond  of  time,  and  the  oar  i  foot  in  thg 
fame  time.  It  follows  therefore,  that  the  boat 
and  oar  will  recede  from  each  other  the  fpace  of 
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4  feet  ^  in  a  fecond  of  time,  being  the  fum  of  the 
ways  of  the  boat  and  oar  :  but  if  the  velocity  or 
way  of  the  boat,  a  determinate  in  time,  be  given 
with  regard  to  a  fixed  point,  the  power  required 
thereto,  will  be  found  by  the  fecond  rule:  fup- 
pofe,  e.gr.  the  way  to  be  30  fathoms  in  a  minute, 
and  that  the  furface  of  the  boat,  which  it  prefents  - 
to  the  motion,  be  4  feet,  the  boat  then  will  go  3 
feet  in  a  fecond  ;  fo  that  by  the  fecond  rule,  the 
fquare  of  3  feet  or  36  inches,  which  is  1296, 
being  divided  by  56,  a  given  number,  gives  237, 
the  lines  in  the  height  of  water  to  be  fuppofed 
over  the  furface  of  4  feet.  But  an  inch  high  of 
water  upon  a  furface  of  one  foot,  weighs  at  the 
rate  of  72  lb.  the  cubic  foot  *,  the  23  lines  there¬ 
fore  will  yield  ii  lb.  15  ounces  nearly,  which 
multiplied  by  4,  the  feet  in  the  furfiice  of  the 
boat  yield  47  lb.  ^  for  the  effort  of  the  power, 
which  would  make  the  boat  advance,  as  if  it  fuf- 
tained  fuch  weight. 

But  it  mult  be  obfefved,  that  this  effort  is  only 
that  of  the  relative  power  *,  and  that  the  abfolute 
power  may  be  greater  or  lets,  according  to  the 
different  lengths  of  the  arm  of  the  oar  ;  fo  that 
the  relative  power  mult  be  reduced  to  the  abfo¬ 
lute  one,  by  faying,  as  the  length  of  the  arm  of 
the  oar,  from  the  point  of  fupport  to  the  hand,  is 
to  the  length  of  the  other  arm,  from  the  fame 
point  of  fupport  to  the  middle  of  that  part  of  the 
blade  of  the  oar  which  enters  the  water  *,  fo  is  the 
power  found  by  the  calculus  to  the  abfolute  power. 

An  application  of  the  above  rules  to  the  motion  cf 
boats  croJfi7ig  the  Seine,  and  other  rivers. 

Here  we  have  no  regard  to  the  current  of  wa¬ 
ter,  but  confine  ouriclves  to  the  confideration  of 

the 
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the  way  the  boat  makes  diredlly  a-crofs,  tho’  it 
be  all  the  while  driven  downwards  by  the  dream. 
And  we  fuppofe  withal,  that  no  part  of  the  ef¬ 
fort  made  by  the  rowers,  is  employed  againft  the 
current  of  water.  Now  a  waterman  will  row  a 
boat  about  20  fathoms  or  120  feet  in  a  minute  of 
time,  the  furface  fuch  boat  p refen ts  to  the  mo¬ 
tion  of  the  water  is  about  3  feet ;  and  the  furface 
of  the  2  oars  immerged  in  the  water,  may  be  a- 
bout  7  feet.  Laftly,  the  diftance  from  the  point 
of  fupport  to  the  rower’s  hand,  is  nearly  the  fame 
as  that  from  the  middle  of  the  oar  immerged  in 
the  water,  to  the  fame  point  of  fupport  :  fo  that 
in  this  cafe  the  relative  power  is  equal  ^to  the  ab- 
folute  one. 

By  the  velocity  of  the  boat  here  fuppofed,  we 
have  2  feet  or  24  inches  for  each  fecond  of  time  ; 
and  by  the  rule,  the  fquare  of  thefe  24  inches  is 
576,  which  divided  by  56,  a  Handing  number, 
gives  10  lines  f  for  the  height  of  water  over  the 
furface  propofed :  an  effort  not  very  condderable, 
fince  a  man,  by  means  of  a  fimple  pully,  v>^ill 
eafily  raife  15  or  16  lb,  weight  the  fpace  of  2  feet 
in  a  fecond  of  time.  As  to  the  motion  of  the 
hand,  it  muff  be  twice  as  much  with  the  fame 
power,  vix.  4  feet  in  a  fecond,  for  that  the  blade 
of  the  oar  recedes  from  the  fixed  point,  as  far  as 
the  boat  itfelf,  but  in  a  contrary  diredlion. 

We  have  no  regard  here  to  the  interruptions  in 
the  motion  of  the  rower  for  if  he  only  works 
half  the  time,  he  will  be  enabled  to  make  double 
the  effort  in  that  half,  by  reding  the  other  ef- 
pecially  in  the  prefent  fuuation,  tor  remaining  in 
the  fame  place,  his  arm  only  makes  half  the  ef¬ 
fort  that  would  be  required,  were  he  to  tow  a  boat 
on  the  edge  of  the  water  ;  befide  the  further  fa- 
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tigue  of  walking,  and  fupporting  of  the  weight 
of  his  body* 

'  Another  application  to  the  motion  of  gallics. 

The  furface  a  galley  prefents  to  the  motion  of 
the  water,  is  8o  feet,  and  it  has  26  oars  on  each 
iide,  or  52  in  all*,  each  oar  being  36  feet  long, 
and  the  blade  9  inches  broad.  There  is  ufually 
4  feet  and  ~  in  the  water,  and  tlie  diflance  from  the 
falcrum  of  the  oar  to  the  hand,  Is  only  a  third  of 
that  from  the  fulcrum  to  the  middle  of  the  part  of 
the  blade  which  dips  in  the  water :  fo  that  the 
furface  of  that  part  of  the  oar,  which  in  the  wa¬ 
ter  is  3  feet  f,  and  this  furface  in  all  the  oars 
together  175  feet.  Now  a  galley  with  3  men 
to  each  oar,  ufually  makes  2800  fathoms  in  an 
hour,  and  confeqiiently  46  fathom,  4  feet,  or  280 
feet,  in  a  minute  :  or  laflly,  4  feet,  8  inches,  or 

56  inches,  in  a  fecond. - Now  it  is  required 

to  find  the  power  which  the  rovyers  exert  in  order 
hereto. 

By  the  fecond  rule,  we  take  the  fquare  of  56 
inches,  viz.  3136,  which  divided  by  56,  a 
(landing  number,  gives  56  lines  for  the  height  of 
water  over  the  80  feet  furface  propofed,  confe- 
quently  multiplying  56  by  80,  we  have  4480 
lines  height  of  water  on  a  foot  furface,  which  di ' 
vided  by  1 44  lines  for  a  foot  height,  give  3 1  feet, 
I  inch,  4  lines,  for  the  whole  load  or  refiftance, 
which  being  reduced  to  weight,  at  the  rate  of 
72  pound  the  cubic  foot,  yields  2240  lb.  for  the 
effort  of  the  relative  power  of  the  rowers,  which 
a6ls  equally  on  the  blade  of  the  oars,  and  the 
ledge  of  the  galley.  Now  dividing  this  weight 
among  156  rowers,  there  only  will  be  14  h.  ~ 
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for  the  relative  power  of  each,  reducing  therefore 
the  relative  power,  by  faying  as  i  is  to  2,  which  is 
the  ratio  of  that  part  of  the  oar  between  the  fulcrum 
and  the  hand,  to  the  part  from  the  fame  fulcrum 
to  the  middle  of  that  part  plunged  in  the  water  ; 
fb  is  the  relative  power  14  /^.  f  to  the  abfolute 
28  lb,  f. 

Farther,  each  rower  making  fuch  effort  of 
28  f  in  a  fecond,  needed  only  pufh  the  extre¬ 
mity  of  the  oar  with  his  hand  the  fpace  of  2  feet, 
4  inches,  provided  the  fhank  of  the  oar  refted  on 
a  fixed  point,  by  reafon  the  way  of  the  oar  is  to 
the  way  of  the  hand,  as  the  diftances  of  the  ful^ 
crum^  which  are  2  to  i .  But  in  regard  the  oar 
docs  likewife  recede  from  the  fame  fixed  point, 
between  the  galley  and  the  oar,  with  regard  to 
which  the  way  of  the  hand  has  been  found  to  be 
2  feet,  4  inches,  we  muff  alfo  determine,  what  way 
the  fhank  of  the  oar  makes  in  a  fecond.  It  has  been 
already  found,  that  the  power  adling  againft  the 
furface  of  a  galley  of  80  feet,  is  2240  lb,  and  kis 
this  fame  power  which  a6ls  againft  all  the  oars, 
which  are  175  feet  {  in  furface.  The  height  of 
water  therefore  upon  thefe  oars,  will  be  reciprocal 
of  that  on  the  furface  on  the  galley,  which  we 
have  found  to  be  56  lines.  Confequently  we  may 
fay,  as  175  feet  f  is  to  80  feet,  fo  are  56  lines 
to  25  lines  f  nearly,  which  muff  be  the  height  of 
water  on  the  furface  of  all  the  oars,  or  each  there¬ 
of;  wherefore  by  the  firft  rule,  as  2016  lines,  a 
given  number,  are  to  25  lines  \  height  of  water  ; 
fo  are  784,  agiven  number,  to  10  nearly,  whofe 
fquare  root  is  3  feet  f,  or  38  inches,  which  the 
oars  mud  make  in  a  fecond,  at  the  fame  time 
that  the  body  of  the  galley  advances  56  inches. 


But 
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But  on  account  of  the  different  lengths  of  the  arms 
of  the  oar,  which  are  as  2  to  i,  the  hand  need  only 
make  1 9  inches,  or  i  foot,  7  inches  in  a  fecond, 
with  regard  to  the  motion  of  the  oar  ;  and  con- 
fequently  the  rower’s  hand,  which  ma^es  2  feet, 
4  inches  in  a  fecond,  with  regard  to  the  motion 
of  the  galley,  will  make  in  all  3  feet,  1 1  inches  in 
each  fecond  of  time,  with  the  fame  force  of 
28/i'.  f. 

This  effort  and  motion  have  nothing  in  them 
extraordinary  ;  and  as  in  the  common  pradficeof 
oars,  the  labour  is  interrupted,  it  will  be  eafy 
to  make  up  for  the  time  loft  hereby  by  pulling, 
when  the  ftroke  returns  with  fo  much  the  more 
vigour. 

’Twill  now  be  eafy  to  determine  the  power  re¬ 
quired  to  row  a  veffel  up  a  river,  and  what  will 
be  the  velocity  thereof  with  any  power  afligned 
for,  if  both  the  power  and  the  time  be  given,  there 
needs  only  to  find,  as  already  taught,  the  way  it 
muft  make  in  a  ftanding  water,  and  dedudt  from 
this  the  way  or  drift  of  the  ftream,  the  remainder 
will  be  the  way  the  boat  makes  up  the  river  in  the 
given  time ;  provided  the  motion  of  the  boat 
confidered  as  in  a  ftanding  water,  be  greater  than 
that  of  the  water  ;  for  if  it  be  lefs,  ’tis  evident  the 
boat  will  drive  notwithftanding  the  rowers. 

If  the  way  be  given  which  a  veffel  is  to  be 
rowed  in  a  given  time  up  a  river,  whofe  motion 
or  velocity  is  alfo  given,  thofe  two  motions  muff 
be  joined  together;  and  it  muft_be  found  by  the 
preceding  rules,  what  the  power  is  that  will  fuf- 
tain  them,  a6ling  on  the  furface  of  the  boat  pre- 
fented  to  the  motion  of  the  water,  which  fame 
power  adfing  alfo  againft  the  oars,  muft  be  rec¬ 
koned  for  in  the  motion  of  the  arm  or  hand  of 

the  ' 


2 


Royal  Academy  of  Sciences.  449. 

the  rower,  as  was  before  done  in  galiies.  For  an  in- 
ftance,  if  a  river  runs  3  feet  in  a  fecond  of  time, 
and  you  would  have  the  vcflel  I  ike  wife  afcend  4 
feet  in  the  fame  time  againlt  the  ftream,  here  v/ill 
be  a  velocity  given  of  7  feet  in  a  fecond,  which 
mufl;  be  confidered,  in  order  to  make  the  calculus, 
as  in  {landing  water. 

As  to  any  machines  that  may  be  ufed  to  this 
end,  we  know  in  the  general,  that  they  are  of  no 
other  advantage  but  to  take  the  benefit  of  natural 
powers,  as  the  motion  of  water  and  wind  by 
ufing  fails,  ^c,  and  that  by  their  means  we  can 
fave  time  by  ufing  a  greater  power,  or  improve 
a  little  power,  lb  as  to  produce  a  great  efFe6l. 
But  in  the  motion  of  boats  and  galiies,  by  means 
of  oars,  it  is  eafy  to  fee,  that  no  great  motion 
can  ever  be  produced  by  a  weak  power  ;  for  if 
the  machine  increafe  the  effort,  it  will  take  up 
the  more  time,  fuppofing  the  time  and  the  way 
to.  be  always  in  the  fame  ratio.  But  the  cafe  is 
otherwife  in  animals,  which  pull  or  thrufl  in 
walking  or  moving  ;  for  it  is  an  hypothefis  of 
fome  mechanicks,  whereby  they  would  prove, 
thata  man,  who  can  lift  ico  lb.  10  feet  high  in  a 
minute,  might  lift  a  weight  of  i  lb.  1000  feet 
high  in  the  fame  time  ;  tho’  this  be  really  impolTi- 
ble,  fince  a  man  can  only  move  a  certain  fpace  in 
a  given  time,  even  without  any  additional  weight 
at  all. 

From  the  whole,  we  may  learn  what  is  to  be 
expedled  from  the  generality  of  engineers,  who  can 
undertake  to  bring  boats  up  any  very  rapid  rivers, 
by  the  ufe  of  fome  machine,  whofe  effe6ls  they  are 
not  always  over  well  acquainted  withal,  imagining 
the  force  of  their  genius,  without  fludy,  fufficient 
to  enable  them  to  determine  the  effort  neceffary  to 
VoL.  12.  L  1  1  furmounc 
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furmount  their  refiftance'of  fluid  bodies,  either  in 
a  ftate  of  reft,  or  moved  by  fome  machine,  which 
is  a  mechanifm  of  a  higher  kind,  and  a  more  dif¬ 
ficult  confideration  than  that  of  folids,  where  the 
equilibrium  is  all  that  is  ufually  to  be  confi- 
dered. 
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An  Explanation  of  the  Terms 
^  Art  ufed  in  this  Volume. 

Ha  V  I  N  G  fet  down  the  weights  and  mea- 
fures  among  the  terms  of  art,  with  the  pro¬ 
portion  of  them  to  thofe  ufed  in  England^  I  fhall 
take  this  opportunity  of  informing  the  reader, 
that  all  the  weights  and  meafures,  which  are 
mentioned  in  this  tranflation,  are  to  be  underftood 
of  thofe  ufed  at  Paris,  I  did  not  think  it  con¬ 
venient  to  reduce  them,  in  the  body  of  the  work, 
to  the  Englijh  ftandard  \  becaufe  it  would  have 
continually  occafioned  the  life  of  a  great  number 
of  fractions,  which  would  have  made  the  reading 
troublefome.  Thofe,  who  have  curiofuy  enough 
to  defire  an  exadlnefs  in  thefe  particulars,  may 
eafily  reduce  them  by  the '  proportions  here  fee 
down.  In  papers,  wliere  no  very  great  cxadlnefs 
was  required,  I  have  tranflated  pinte  a*  quart,  and 
chopine  a  pint  ;  but  where  exadlnefs  was  required, 
I  have  prefefved  the  French  words,  pinte  and 
chopine, 

A  .  . 

Adjutage^  of  a  fountain,  is  a  tube  fitted  to  the 
'mouth  of  the  veffel,  through  which  the  water  is 
to  be  played,  and  determined  to  any  figure. 

Aorta^  the  great  artery,  from  which  all  the 
reft  rife. 

Apex  of  the  heart,  the  lov/er  point  which  is 
turned  a  little  toward  the  left  fide. 

Apophyfts^  an  eminence  or  protuberance. 

Arbor  the  principal  part  of  a  machine,  which 
ferves  to  fuftain  the  reft  ;  -  alfo  a  fpindle  or  axis 
upon  which  a  machine  turns. 

Afpera  arteria^  the  wind  pipe. 

L  1 1  2 
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Auricles^  the  two  appendages  of  the  heart. 

Axillary  veins  and  arteries  are  thofe  which  pafs 
under  the  arm-pits. 

B  ‘ 

Bafts  of  the  heart,  the  upper  and  broader  point 
of  it.  ' 

Blade  of  an  oar  is  the  broad  thin  part,  with 
which  they  ftrike  the  water. 

Bronchia^  the  little  tubes,  into  which  the  trn- 
chea  is  branched. 

C 

Carotids,  two  arteries,  one  on  each  fide  of  the 
neck,  which  convey  the  blood  from  the  aorta  to 
the  brain. 

Chopine,  half  a  Paris  pinte. 

Chryfalis,  called  alfo  aurelia  and  nympha,  is 
that  (late  of  an  infect  between  a  worm  and  a  fly, 
in  which  it  lies  inclofed  in  a  hufk,  as  if  it  was 
dead. 

Cccliac  artery,  the  firfl,  artery,  which  is  fent 
from  the  defcending  trunk  of  the  aorta  into  the 
abdomen.  The  cceliac  vein  is  that  which  runs 
through  the  inteftinum  retlum. 

Coronary.  The  coronary  vejfels  are  the  arteries 
and  veins,  which  furround  the  heart,  to  nourifli 
and  fupply  it  with  blood.  The  coronary  arte¬ 
ries  carry  the  blood  into  the  furface  of  the  heart. 
The  coronary  vein  returns  the  blood  into  the  vena 
cava. 

Cranium  theikull. 

Culm,  1  have  made  ufe  of  this  word,  to  ex- 
prefs  the  fl:alk  of  any  fort  of  corn  or  grafs  :  it  is 
■(filled  in  Latin  culmiis. 

P 

Drani,^  theSch  part  of  a  Paris  ounce.  It  con¬ 
tains  72  of  their  grains,  or  59  grains  i  troy. 

The 
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The  dram- is  divided  into  3  deniers  ;  the  denier 
into  24  grains  ;  the  grain  into  24  carats, 

E 

Eye-glafs  of  a  telefcope  is  the  glafs  placed  at 
that  end  of  the  tube,  which  is  neareft  the  eye. 

F 

FoQty  a  meafure  containing  12  inches,  or  144 
lines.  The  Paris  foot,  or  pied  de  roy\  is  longer 
than  the  Englijh  foot,  which  contains  but  1 1  in¬ 
ches,  4  lines  1.  The  Rhinland^  Rheni/h^  or 
Leyden  foot  is  to  the  Paris  foot,  as  1390  to  1440. 
The  ancient  geographical  foot  and  the  modern 
Roman  foot,  are  to  the  Paris  foot,  as  ii  to  12. 
The  Bolonian  foot  is  to  the  Paris  foot,  as  701  to 
.600, 

Foramen  ovale^  an  oval  aperture,  or  paffage 
through  the  heart  of  a  foetus^  which  clofes  up 
fometime  after  the  birth. 

^  Fulcrum^  the  prop  or  point  of  fupport  of  a 
lever. 

G 

Ginglytnus  is  that  kind  of  articulation,  where 
each  bone  mutually  receives  the  other.  There 
are  three  forts  of  it :  i.  When  the  bones  receive- 
each  other  reciprocally,'  after  the  manner  of  a 
hinge,  as  at  the  elbow.  2.  When  one  bone  re¬ 
ceives  another  at  one  of  its  extremities,  and  is  re¬ 
ceived  into  another  at  the  other  extremity,  as  the 
vertebra  do.  3.  When  one  bone  is  received  into 
another,  after  the  manner  of  a  wheel,  or  axle  of  a 
wheel  in  a  box  j  as  the  fecond  vertebra  of  the  necic 
,  in  the  firii. 

I 

Inch^  the  twelfth  part  of  a  foot.  It  contains 
iq\o  p^tts  of  an  Englijh  foot,  and  therefore  is 

.3  ^ 
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a  little  more  than  6  fuch  parts  longer  than  the 
Englifh  inch. 

L 

Lamella a  little  thin  lamina^  or  plate,  fuch  as 
a  fcale  of  ^  fifli  •,  it  is  often  ufed  for  a  fubdivi- 
fion  of  larriina. 

Lamina^  a  thin  plate. 

Line^  the  twelfth  part  of  an  inch. 

Lunul^^  little  crefcents,  or  half-moons. 

M 

Maxill^y  the  jaws. 

Mediaftinum^  a  double  membrane,  which  di- 
’  vides  the  thorax  and  lungs  into  two  parts. 

Mefenteric  ;  the  arteries  are  fo  called,  which 
arife  from  the  aorta^  and  proceed  to  the  mefen- 
tery ;  and  the  veins,  which  proceed  from  the  me- 
fentery. 

O 

OhjeSLglafs  of  a  telefcope,  is  the  glafs  placed  at 
that  end  of  the  tube,  which  is  neareft  to  the  ob- 
jea. 

Ounce^  the  fixteenth  part  of  a  pound.  It  con¬ 
tains  576  Paris  grains,  or  476  grains  troy.  It 
is  equal  to  19  penny-weight,  and  20  grains  troy. 

Pericarditim^  the  membrane,  which  inclofes 
the  heart. 

Peritonaum^  a  thin  foft  membrane,  which  co¬ 
vers  and  contains  all  the  bowels  in  the  lower  belly. 

Pinte^  the  Paris  pinte  contains  two  of  their 
pounds  of  water,  that  is,  15,232  grains  troy, 
or  2  pounds,  2  ounces,  and  1 3  grains  aver- 
dupois  ;  therefore  the  Paris  pinte  is  larger 
than  our  quart,  which  is  fuppofed  to  contain  2 
pounds  averdupois  of  water. 


Pifion 


^  Royal  Acadlmy  of  Sciences.  4^^ 

Pijlon  the  fucker  of  a  pump,  fyringe,  or  fuch 
like  machine. 

Pivot ^  a  foot  of  metal,  whereby  a  body  intend^ 
ed  to  turn  round  bears  upon  another  which  is 
fixed. 

Pound ;  the  Paris  pound  contains  1 6  of  their 
ounces,  or  9216  grains.  It  is  equal  to  1 5  ounces, 
1 7  penny  weight  and  8  grains  troy. 

R 

Retina^  the  innermoft  coat  of  the  eye,  fo  cal¬ 
led  becaufe  it  is  woven  like  a  net. 

Rundle^  that  part  of  a  pulley,  which  is  like  a 
wheel. 

S 

Sigmoidal  valves^  fo  called  from  their  refem- 
bling  tht  Greek  figm a y  which  was  anciently 

written  like  our  C. 

T 

ThoraXy  the  capacity  of  the  bread,  or  died, 
containing  the  heart  and  lungs. 

^oifey  a  meafure  containing  6  Paris  feet,  or 
6  Englijh  feet,  and  parts.  Mr.  Chambers 
trandates  ifathomy  which  is  a  meafure  of  6  Eng¬ 
lijh  feet. 

TracheUy  the  wind-pipe. 

V 

Vena  cavay  the  veins  which  carry  the  blood 
into  the  heart. 

Vena  portay  the  vein  which  carries  the  blood 
into  the  liver. 

Ventricles  of  the  heart,  the  two  great  cavities 
of  it  ;  the  tortoife  is  fuidtohave  three. 

Vertehray  the  bones  of  the  hinder  part  of  the 
neck,  and  of  the  back,  commonly  called  the 
fpine  or  chine. 


Z 
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Z 

Zymofimeter^  an  inftrument  propofed  by  Swam^ 
r/icrdam^  to  meafure  the  degree  of  fermentation 
caufed  by  the  mixture  of  fubftances,  and  .what 
heat  they  acquire  by  fermentation,  and  the  degree 
of  heat  or  temperament  of  the  blood  of  ani¬ 
mals. 
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